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CS   Caesarean section  
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Definitions were adapted from the World Health Organization (WHO) and United Nations 
Children’s Fund (UNICEF) guidelines for infant and young child feeding (IYCF). 
Early initiation of breastfeeding (EIBF): putting the infant to the breast within one hour 
of birth. 
Exclusive breastfeeding (EBF): feeding the infant on only breast milk, and no other liquids 
or solids, not even water, except for drops or syrups consisting of vitamins, mineral 
supplements or medicines. The WHO recommends that EBF starts within an hour of birth 
up to six months of age. 
Predominant breastfeeding (PBF): feeding the infant on breast milk plus some liquid-base 
foods except formula or animal milk. 
Complementary feeding (CF): giving the infant any food (liquid, semi-solid and solid) 
whether manufactured or locally prepared, while continuing breastfeeding up to two years 
or beyond. 
Pre-lacteal feeding (PLF): giving the infant any food before initiation of breastfeeding. 
Replacement feeding (RF): feeding the infant with no breast milk, but a diet that provides 
the nutrients the infants need until the age at which they can be fully fed on family foods. 
Mixed feeding (MF): feeding the infant with both breast milk and other liquids or foods.  
Breast milk substitute: any food being marketed or otherwise represented as a partial or 
total replacement for breast milk. 
Wet-nursing: breastfeeding by a woman other than the infant’s mother. 
Skilled birth attendant: the presence of trained health professional who be a nurse, 
midwife, doctor, etc. 
 




Introduction: Studies on the determinants of breastfeeding practices and health facility 
utilization have not been conducted in South Sudan. This thesis assesses the prevalence and 
determinants of suboptimal breastfeeding practices especially delayed initiation of 
breastfeeding and pre-lacteal feeding. We also assessed the effect of the Baby-Friendly 
Hospital Initiative training on breastfeeding practices.  
Methods: The thesis consists of three surveys. The first is a cross-sectional study among 
806 mothers in Juba Teaching Hospital in South Sudan, which assessed using bivariable and 
multivariable logistic regression analysis the prevalence and factors associated with delayed 
initiation of breastfeeding.  
The second survey of 806 mothers in the same hospital – together with the first survey – 
became a “before and after study”, assessing using a modified Poisson model the effect of 
the Baby-Friendly Hospital Initiative training on early initiation of breastfeeding. 
In the third survey, we interviewed 810 mothers in a rural community in Jubek State in 
South Sudan. We assessed the prevalence and determinants of pre-lacteal feeding and the 
level and determinants of health facility utilization at birth. 
Results: In the first survey in the hospital, the prevalence of delayed initiation of 
breastfeeding was 52%; factors associated with delayed initiation of breastfeeding included 
caesarean section, discarding of colostrum, being a single mother, exposure to 
advertisement of infant formula, and lack of house ownership. 
In the second survey in the hospital after the Baby-Friendly Hospital Initiative training, the 
prevalence of early initiation of breastfeeding increased from 48% before to 91% after 
health workers training. Regardless of the mode of birth, training was effective in increasing 
early initiation of breastfeeding. 
In third survey in the community, the prevalence of pre-lacteal feeding was 53% and 
proportion of mothers giving birth at a health facility was 25.8%. The predictors of health 
facility birth included antenatal care visits, mother’s education, socio-economic status, and 
first-time mothers. 
Conclusion: The findings highlight the need for efforts to increase health facility births, 
breastfeeding counselling, promote the health benefits of early initiation of breastfeeding, 
and colostrum, roll out the Baby-Friendly Hospital Initiative training to other hospitals in 
the country, as well as to discourage discarding of colostrum and pre-lacteal feeds. These 
will result in improved breastfeeding practices and ultimately improved maternal and infant 
health. 
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The year 2016 marked the start for the Sustainable Development Goals (SDG) (1, 2). The 
SDG three states: “Ensure healthy lives and promote wellbeing for all at all ages.” Target 
3.2 states: “By 2030, end preventable deaths of infants and children under 5 years of age, 
with all countries aiming to reduce neonatal mortality to at least as low as 12 per 1,000 live 
births and under-5 mortality to at least as low as 25 per 1,000 live births.” (2). Although by 
2015 under-5 mortality had remarkably declined globally, 15,000 children under-5 years of 
age died every day in 2017 (3). Nearly 80% of these deaths were concentrated in sub-
Saharan Africa and South Asia (4). Sub-Saharan Africa has one of the highest mortalities: a 
neonatal mortality of 28 per 1000 live births and an under-5 mortality of 83 per 1000 live 
births (5).  
Among the risk factors for under-5 mortality are suboptimal breastfeeding and low level of 
health facility utilization during birth (6). Optimal breastfeeding includes early initiation 
(EIBF – within the first hour of birth); exclusive breastfeeding (EBF) from birth to 6 
months; and continued breastfeeding to at least 24 months (6). According to the 2016 
Lancet Breastfeeding series, optimal breastfeeding is one of the interventions known to 
improve child survival and reduce under-5 mortality (7). Achieving high optimal 
breastfeeding rates could prevent 800,000 child deaths globally (7). Findings from studies 
showed that EIBF decreased the under-5 mortality by 19% in Nepal (8) and by 23% in 
Ghana (6). A prospective analysis of pooled data from three randomized trials from Ghana, 
India and Tanzania reaffirmed that both EIBF and EBF independently reduced neonatal and 
infant morbidity and mortality (9). The benefits of breastfeeding compelled the WHO and 
UNICEF to launch the BFHI in 1991 and update it in 2018 (10). A systematic review 
revealed that delayed initiation of breastfeeding doubles the risk of deaths in neonates (11). 
Similarly, pre-lacteal and mixed feeding has been reported to increase neonatal morbidity 
and mortality (12).  
Findings from a study in sub-Saharan Africa and South East Asia showed that a health 
facility-based delivery having a skilled birth attendant decreased neonatal mortality (13). 
Global scale-up of optimal breastfeeding and health facility-based delivery with a skilled 
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birth attendant could substantially contribute to achieving the Sustainable Development 




The physiology of breast milk 
Breast milk synthesis occurs in the alveolar milk-producing cells of the mother’s breast. 
Each alveolus is surrounded by myoepithelial cells responsible for milk ejection (14). The 
milk from the alveoli drains through lactiferous ducts to the nipple (15). 
Milk synthesis occurs in two stages referred to as lactogenesis I and II. In lactogenesis I, the 
alveolar cells start to produce the first milk (colostrum) in mid-pregnancy (16). This milk is 
reabsorbed into the mother’s bloodstream during pregnancy. Lactogenesis II starts soon 
after the expulsion of the placenta following birth, regulated by prolactin and oestrogen 
(17). Prolactin triggers alveolar cells to produce and secrete colostrum (18), whereas 
oestrogen regulates milk flow. A few days after birth, colostrum is gradually replaced by 
transitional milk and finally mature milk (16).  
 
Factors influencing milk production 
Factors associated with milk production include correct attachment to the breast, stimulation 
of the nipple, and efficient suckling, (19). Poor infant latch, breast engorgement due to 
irregular or incomplete removal of milk, placenta retention, diabetes mellitus, and stress at 
birth; and socio-cultural factors also decrease milk production (20).  
 
Breastfeeding practices  
There has been variation in breastfeeding practices globally (21). A secondary analysis of 
the WHO global survey found that the rate of early initiation of breastfeeding was 50% in 
low- and middle-income countries (22). A meta-analysis of Demographic and Health 
Surveys (DHS) from 29 countries in sub-Saharan Africa reported that only 40% of children 
were exclusively breastfeed for six months (23). 
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WHO recommends the following practices for infant and young child feeding (IYCF) (24): 
 “Early initiation of breastfeeding” (EIBF), defined as putting an infant to the breast 
within an hour of birth.  
 “Exclusive breastfeeding” (EBF), which is feeding the infant only on breast milk and 
no other liquids or solids, not even water, except for prescribed medicines or 
supplements.  
 “Complementary feeding”, defined as giving the infant any food (liquid, semi-solid 
and solid foods), whether manufactured or locally prepared, while continuing 




Previous studies on breast volume and milk production during extended lactation in women 
found that breastfeeding alone beyond six months of life is not enough due to the infant’s 
increased needs (25).  
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A recent systematic review reaffirmed that a healthy infant should be exclusively breastfed 
for 6 months, and thereafter receive complementary feeds, while continuing breastfeeding 
for two years (26).  
 
1.1.2 Factors influencing breastfeeding  
 
Health facility factors  
The BFHI 2018 guideline recommends that health facilities providing maternity and 
newborn services should enable mothers and their infants to remain together, rooming-in 
throughout the day and night (28). A study in Bangladesh reported that rooming-in was 
linked to an increase in bonding, attachment, mother’s empowerment and optimal 
breastfeeding (29). Similarly, early skin-to-skin contact between the mother and infant was 
reported to increase EIBF and EBF (29).  
Secondary analysis of DHS data on predictors of early initiation of breastfeeding among 
Zimbabwean women revealed that the presence of skilled birth attendants during childbirth 
is vital in increasing the rates of EIBF and EBF (30). A study in Greece showed that support 
to breastfeeding mothers, by knowledgeable efficient midwives with a positive attitude, is 
associated with early initiation of breastfeeding (31).  
 
Individual and socio-demographic factors 
An Ethiopian study on the timely initiation of breastfeeding and associated factors among 
mothers showed that mothers’ attributes, such as an age of 25-35 years, residing in rural 
area, antenatal care visits, multiparity, and normal delivery were associated with increase in 
optimal breastfeeding (32). A study in Taiwan on maternal and hospital factors associated 
with first-time mothers’ breastfeeding practice showed that mother’s education status, 
marriage and unemployment were associated with EBF (33).  
 
Socio-cultural factors 
A study in Mozambique on knowledge, beliefs and practices regarding EBF of infants found 
that, after giving birth, a mother is thought to be “dirty” and must take a bath before contact 
with her infant (34). This false belief impedes early skin-to skin contact and delays initiation 
Breastfeeding and health facility births in South Sudan 
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of breastfeeding. Findings from Lebanon showed that most mothers consider colostrum 
unclean and bad for their infants (35), which encourages mothers to use pre-lacteal feeds.  
 
1.1.3 Benefits of breastfeeding 
Breast milk contains all nutrients the infant needs in the first six months of life, such as 
proteins, carbohydrates, fats, immunoglobulins and biologically active substances, e.g. 
hormones (36). Breast milk is also a probiotic diet, containing bacteria originating from the 
mother’s skin or intestine, which translocate and gain access to mother’s breast via lymph 
and blood circulation (37, 38). The bacteria enrich the intestinal flora of the infant, influence 
microbiota composition and prevent allergic rhinitis and other metabolic syndromes (39-
41).  
There is evidence indicating that breastfeeding is protective against common childhood 
illnesses, such as diarrhoea (42, 43), severe respiratory tract infections, especially 
pneumonia (44-46), middle ear infection and malocclusion (46-48). In Botswana, 
breastfeeding was reported to be protective against severe pneumonia in HIV-1-exposed 
uninfected children (49). Another study in Zambia showed that the benefit of breastfeeding 
extends beyond the first year of life (50). Other studies have demonstrated that 
breastfeeding is even protective against non-communicable diseases, such as type 1 and 
type 2 diabetes, cardiovascular disorders (51, 52) and obesity in children (53, 54).  
Exclusive breastfeeding prevents 13% of deaths in children under five years of age (55). A 
study in the Lancet reported that a global scale-up of exclusive breastfeeding could prevent 
12% deaths in children under five years, with approximately 800,000 lives being saved in 
low- and middle-income countries (LMIC) (56). Breastfeeding has also been reported to 
reduce the risk of sudden infant death syndrome (SID) in high-income countries (57, 58). 
Furthermore, breastfeeding to any extent and any duration could reduce the risk of SID by 
73%.  
Breastfeeding improves cognitive function in children. For example, results from a 
randomized controlled trial in Belarus demonstrated that EBF and prolonged breastfeeding 
were strongly associated with improved cognitive development (59). A study in Brazil 
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showed that the breastfeeding benefits extends beyond infancy and are associated with 
increased intelligence, grades attained in school and better adult earning (60).  
Breastfeeding offers several benefits to the mothers. For example, immediately after 
childbirth, breastfeeding assists the mother’s uterus to contract, preventing post-partum 
bleeding and returning the uterus to its pre-pregnancy size (61). Breastfeeding also 
promotes child spacing and maternal health facilitated by lactation amenorrhea and delay 
the return of ovulation (62, 63). In Burkina Faso and Uganda, optimal breastfeeding reduces 
fertility (64). Furthermore, prolonged breastfeeding reduces the risk of type 2 diabetes and 
overweight/obesity (51, 65), ovarian cancer and breast cancer (65-67).  
Breastfeeding has a direct impact on society and the economy. In sub-Saharan Africa, breast 
milk has an economic advantage compared to infant formula. Breast milk does not require 
packaging, energy processing, or fuel to heat the milk or any cleaning equipment. Apart 
from its nutritional value, breast milk contributes to the gross national product in Mali, 
Nigeria, Senegal and Zimbabwe (68). A study in the US noted that, if 90% of women 
practiced exclusive breastfeeding, about 900 children could be saved from deaths resulting 
from diseases (69). Similarly, 13 billion US dollars would be saved from treating different 
diseases in children. Furthermore, 18 billion US dollars would be saved from medical cost if 
policies promoting optimal breastfeeding were implemented in this country (70). 
 
1.1.4 Breastfeeding and HIV-1 
In sub-Saharan Africa, the proportion of adults infected with the HIV-1 declined from 2009 
to 2018 (71). However, women of reproductive age still account for 59% of new infections. 
These mothers might expose or transmit the virus to their infants through body fluids, 
including breast milk (72). The risk of HIV-1 transmission increases with a high maternal 
viral load and inflammation of the mother’s breast (73). A study on postnatal transmission 
of HIV-1 from mother to infant in Rwanda was one of the first to describe transmission of 
HIV-1 from mother to child through breastfeeding (74).  
Knowledge of HIV-1 transmission through breast milk led to the release of several 
guidelines by WHO, ranging from not breastfeeding at all to abrupt cessation of 
breastfeeding. The WHO 2016 guidelines recommend HIV-1-positive mothers to 
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exclusively breastfeed for six months and continue breastfeeding up to 24 months or 
beyond, while on anti-retroviral treatment (75). In addition, the guidelines recommend 
testing all pregnant women and breastfeeding mothers during antenatal and postnatal care 
and start anti-retroviral therapy (ART) regardless of CD4 count for life in HIV-1 positive 
mothers. Furthermore, the guidelines emphasize that mothers living with HIV-1 should be 
supported to adhere to ART treatment (76).  
Recent studies have indicated increasing rates of exclusive breastfeeding among HIV-1 
infected women in low resource settings (77, 78). In Rwanda, a study on the impact of 
maternal ART on mother-to-child transmission of HIV six weeks postpartum showed a 
decline in mother to child transmission of HIV-1 through breastfeeding (79). Furthermore, 
exclusive breastfeeding was found to decrease transmission of HIV-1 from a mother-to-
child through breastfeeding compared to mixed feeding (80-83). A multi-centre study in 
Burkina-Faso, Kenya and South Africa found that children who were weaned or never 
breastfed have a higher risk of dying compared with children who were still breastfeeding 
(84). 
 
1.1.5 Strategies to protect, promote, and support breastfeeding 
 
Global strategies 
Thirty years ago, the UN assembly adopted the convention on the rights of the child in 1989 
(85). The core principles of the convention were “non-discrimination; devotion to the best 
interests of the child; the right to life, survival, and development; and respect for the views 
of the child.” These principles included the right to optimal breastfeeding, which ensures 
survival and development of the child. Recently, UN experts released a statement stating 
that: “Breastfeeding is a human rights issue and should be protected and promoted for the 
benefit of both the mother and the child.” (86). This statement asserts that children have the 
right to life, survival and development, and to the highest attainable standard of health, as 
well as to safe and nutritious foods.  
A century ago, the International Labour Organization (ILO) adopted the Maternity 
Protection Conventions 1919 (No.3). Convention No.103 and No.183 followed the first in 
1952 and 2000, respectively (87). The primary concern of ILO was that work done by a 
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woman does not cause risk to her health and that of her child. The conventions cover 
different aspects, including health protection, maternity leave, leave in case of illness and 
complications, cash and medical benefits, employment protection, and non-discrimination 
against breastfeeding mothers.  
 
Health facility strategies 
WHO and UNICEF launched the BFHI in 1991, which was updated in 2018 (10). This aims 
to protect, promote, and support breastfeeding in the health facility and community, based 
on the ten steps to successful breastfeeding (Table 1). In addition, it has both external and 
internal evaluation mechanisms for monitoring the performance in implementing hospitals 
(88). This strategy also urges hospital in-charges to have a written breastfeeding policy and 
empower health workers with the practical skills needed to assist breastfeeding mothers. 
Furthermore, BFHI has boosted optimal breastfeeding in several countries (89, 90).  
Breastfeeding education is a critical strategy in breastfeeding promotion. Women mainly 
depend on health workers for correct information about breastfeeding. WHO has developed 
a training course to bring health workers up-to-date information on optimal breastfeeding 
practices (91). This training ensures uniformity of messages passed on to breastfeeding 
mothers, since mixed messages can lead to suboptimal breastfeeding, as evidenced by a 
report from South Africa (92).  
Other strategies known to increase the rate of early initiation of breastfeeding and exclusive 
breastfeeding include breastfeeding counselling during antenatal care, education of the 
mothers and family members, and training health professional on breastfeeding (93, 94). 
 
Community strategies 
Over the years, mass media-communication programmes have been crucial in improving 
breastfeeding initiation and exclusive breastfeeding in Uganda (95). Most families have 
access to a radio. In Bangladesh, media campaigns increased optimal breastfeeding (96). In 
Zimbabwe, a study on the impact of a breastfeeding intervention delivered by village health 
workers in a rural community showed that delivering breastfeeding information that are 
culturally relevant resulted to increase in EIBF and EBF (97). In Vietnam, a community-
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based study on father education intervention on breastfeeding practice resulted an increase 




1.Have a written breastfeeding policy  1.  Have  institutional  procedures  necessary 
to ensure that care is delivered consistently 
and ethically 
2.  Train  all  healthcare  staff  in  the  skills 
necessary to implement this policy 
2.  Ensure  that  staff  has  sufficient 
knowledge,  competence  and  skills  to 
support breastfeeding 
3. Inform all pregnant women about the 





4.  Help  mothers  initiate  breastfeeding 
within the first hour of birth 
4.  Facilitate  immediate  and  uninterrupted 
skin‐to‐skin contact, and support mothers to 
initiate  breastfeeding  as  soon  as  possible 
after birth 
5. Show mothers how to breastfeed and 
how  to maintain  lactation,  even  if  they 
should be separated from their infants 
5. Support mothers to  initiate and maintain 





6.  Not  to  provide  breastfed  newborns  any 
food or fluids other than breast milk, unless 
medically indicated 
7.  Practice  rooming‐in  (allow  mothers 
and infants to remain together) 24 hours 
a day 
7.  Enable  mothers  and  their  infants  to 
remain together and practice rooming‐in 24 
hours a day 
8. Encourage breastfeeding on demand  8.  Support  mothers  to  recognize  and 
respond to their infants’ cues for feeding. 
9.  Give  no  artificial  teats  or  pacifiers 
(also  called  dummies  or  soothers)  to 
breastfeeding infants 
9.  Counsel mothers on  the use and  risks of 
feeding bottles, teats and pacifiers 
10.  Foster  the  establishment  of 
breastfeeding‐support  groups  and  refer 
mothers  to  them on discharge  from the 
hospital or clinic 
10.  Coordinate  discharge  so  that  parents 
and  their  infants  have  timely  access  to 
ongoing support and care 
 
In Uganda, peer counselling is an important strategy that is widely accepted in breastfeeding 
promotion (99). Similarly, peer counselling was effective in improving EBF in a 
randomized control trial in Burkina Faso, South Africa and Uganda (100). A randomised 
controlled trial in Bangladesh on the effect of community-based peer counsellors on EBF 
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practices reported that peer counselling was effective in increasing optimal breastfeeding 
(101). 
 
1.2 Health facility utilization during child birth 
In a global study on skilled birth attendance, the lessons learned showed that giving birth in 
a health facility in the presence of a skilled attendant has been recognized as one of the 
interventions to avoid maternal mortality and improve the health outcome of newborns 
(102). Nevertheless, a sizable percentage of childbirths occur outside health facilities in low 
resource settings (103). Delivery outside health facilities contribute to ~3 million neonatal 
deaths annually (104) and ~2.7 million stillbirths in the world in 2008 (105).  
 
Determinants of health facility utilization at birth 
In sub-Saharan Africa, women face several obstacles in accessing and using health facility 
during childbirth. This is presented in the video “Why did Mrs. X die, retold” on 
https://www.youtube.com/watch?v=gS7fCvCIe1k. A recent systematic review on barriers to 
access and utilization of emergency obstetric care at health facilities in sub-Saharan Africa 
showed that access to, and utilization of, health facility services during birth was affected by 
several factors, including younger age, illiteracy, lower income, unemployment, a lower 
level of assertiveness among women, poor knowledge about obstetric danger signs and 
cultural beliefs (106). In Ethiopia, cost, distance to health facility and disrespect or abuse of 
mothers during birth decreased health facility delivery (107). In addition, long waiting times 
at health facilities, poor staff knowledge and skills, poor interpersonal relationships and 
abuse of women by health workers, all discourage the use of a health facility during birth 
(108). Other studies found factors, such as affordability and financial risk, associated with 
access and usage of health facilities during birth, traditional influences and socio-cultural 
factors; socio-economic factors were associated with underutilization of health facilities at 
birth (106, 109). Furthermore, women’s concern for the lack of supportive attendance 
during birth, privacy, stigma-free environment and lack of practices that they experience 
when they give birth at home were noted (109). On the other hand, a study on social 
determinants of health facility use at birth in Ghana reported that mothers living in urban 
residences, maternal education, parity, religion and high socio-economic status were 
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associated with increased health facility delivery (110). Another study from Ethiopia 
reported that awareness of birth complication was associated with health facility delivery 
(111). 
In South Sudan, a study of the barriers to institutional childbirth found several factors that 
hinder women from accessing and using healthcare during birth (112). These include long 
distances to health facilities, lack of transportation, a poor referral system, flooding, cost in 
health facilities, insecurity, influence of culture, privacy concerns, fear of Caesarean section, 
inadequate health facility infrastructure and neglect and/or abuse during admission. 
  
1.3 Justification  
This thesis is part of the Survival Pluss project, which project aimed to identify ways of 
saving mothers and babies in post-conflict Northern Uganda and South Sudan. One research 
component was to conduct a baseline survey on challenges facing mothers and children in 
South Sudan. Studies focused on the determinants of breastfeeding practices, health facility 
utilization during birth with skilled birth attendance, and the effect of health facility-based 
birth on breastfeeding have not been conducted in South Sudan.  
The initial idea was to conduct an extensive baseline survey on maternal and child health 
indicators. Unfortunately, in 2013 civil unrest gripped the country. The conflict started in 
Juba, the capital city, and spread to the rest of the country, rendering most parts inaccessible 
due to insecurity (113). A new strategy was developed to reduce the number of the research 
sites limited to Jubek, Yei River and the Terekeka States, following a feasibility survey 
assessing the situation of these areas. As soon as the survey team had returned, civil unrest 
spread to Yei, Terekeka and Koji Koji. The possibility of conducting an extensive survey in 
this period of conflict became remote.  
Given the lack of data on maternal and child health, particularly on breastfeeding practices 
and health facilities utilization during birth, we designed a baseline survey in areas that were 
accessible on which future research could be built once peace had returned. Although the 
data generated by the survey might not be generalised to the entire population, it can still 
provide a snapshot of the challenges faced by the mothers and children in South Sudan. 
Finally, we selected a) a rural area located 10-80 km around Juba in Jubek State, and b) 
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Juba Teaching Hospital (JTH), the major referral hospital for the baseline surveys to 
generate data on breastfeeding practices and the determinants of health facility-based birth 
(especially delayed initiation of breastfeeding and use of pre-lacteal feeds), as also the effect 
of the Baby Friendly Hospital Initiative training on breastfeeding practices. This was carried 
out in the context of low health facility utilization for delivery and skilled birth attendance 
in the newly instituted health system in South Sudan.  
South Sudan, a young country, is rapidly introducing policies promoted by the WHO, but it 
is not always clear to what extent these policies have been implemented. The country has 
limited published data on breastfeeding practices and health facility utilization during birth. 
We carried out a literature search in consultation with a trained librarian at the University of 
Bergen library to identify data on breastfeeding practices in both Sudan and South Sudan. 
We systematically searched electronic databases, including MEDLINE, WEB OF 
SCIENCE, and EMBASE. Search terms consisted of subject heading, such as MeSH for 
MEDLINE and other free text words, including keywords “South Sudan”, “Sudan”, 
or (Sudan*, South* Sudan* or east Africa*), “Breastfeeding” or “Breast feeding”, or 
”“Breast feed” or “expressed Breast Feeding”, or “breastfeeding or breast feeding”, or 
“breast fed”, or “mothers milk or human milk”, or “infant feeding”. The search identified 
109 articles; and after removing duplicates, 96 articles remained. We examined their titles 
and abstracts from which we selected only 13 for a full review. We dropped 11 articles, 3 
recent articles from the Sudan and 8 from east African countries. We identified only one 
study on breastfeeding practices in South Sudan, dating 6 decades back (114). In addition, 
we searched for estimates from the UNICEF and WHO (115) and grey literature. The 
results showed low rates of early initiation of breastfeeding (48%) and exclusive 
breastfeeding (45%). 
Apart from a high maternal mortality ratio estimated at 800 per 100,000 live births, 
suboptimal child health services (116, 117), and breastfeeding practices, the country is 
grappling with other challenges, such as civil unrest, famine (118), malnutrition (119), and 
increasing numbers of HIV-1 infections among women and children (120-122). Considering 
these challenges, it is highly likely that suboptimal breastfeeding and health facility 
utilization during childbirth might be contributing to the high morbidity and mortality in 
children<5 years in South Sudan. Therefore, there is an urgent need to understand and 
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generate up-to-date and context-specific data on the determinants of breastfeeding practices 
and health facility-based births in South Sudan.  
1.4 Conceptual framework for factors influencing breastfeeding practices 
The focus of this thesis is breastfeeding practices, especially delayed initiation of 
breastfeeding and pre-lacteal feeding in the context of health facility utilization and skilled 
birth attendance. The studies also assessed the factors that influence early breastfeeding 
practices and health facility utilization at birth. These are presented in a conceptual 
framework (Figure 2), which has 3 groups of factors influencing breastfeeding practices: 
individual factors, group level, and society level. The understanding of these factors might 
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Individual factors include those that are directly related to the mother and the infant which 
are closely linked with demographic variables, such as mother’s age, marital status, mode of 
birth, parity, mother’s intention to breastfeed; knowledge; skills and parenting experience; 
and the nature of early interaction between mother and infant. Infant factors considered 
were age and sex, which might directly influence the initiation and duration of 
breastfeeding. 
Group-level factors include characteristics of the setting the mother-infant pairs find 
themselves in and those that enable mothers to breastfeed. We considered aspects with a 
direct influence on the mother and infant, such as the hospital and health facility 
environment, especially health facility utilization during birth and the Baby-Friendly 
Hospital Initiative. This is a milieu that encourages breastfeeding practices, such as infant 
rooming-in with the mother that allow feeding on demand, skin-to-skin contact, kangaroo 
mothers’ care (KMC), professional breastfeeding support, follow up care and support. Other 
factors include home and peer support environment, the mother’s work environment, and 
the community environment, such as breastfeeding norms in public places.  
The societal and cultural factors impact on the acceptability and expectations of 
breastfeeding practices, and the context in which breastfeeding practices occur. These 
factors include cultural norms regarding breastfeeding, child feeding and parenting, the role 
of women in society, partner support, practices related to breast milk substitutes, and 
complementary food. 
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1.5 Aim and objectives 
 
Aim  
The thesis aimed to provide baseline information on breastfeeding practices and health 
facility utilization during childbirth in South Sudan. 
 
Specific objectives 
1. To assess the prevalence and determinants of delayed initiation of breastfeeding at 
Juba Teaching Hospital in South Sudan, Paper I 
2. To assess the effect of the Baby-Friendly Hospital Initiative training on early 
initiation of breastfeeding at Juba Teaching Hospital in South Sudan, Paper II 
3. To describe the prevalence and factors associated with pre-lacteal feeding in Jubek 
State in South Sudan, Paper III 
4. To determine the prevalence and determinants of health facility utilization and skilled 
birth attendance during childbirth in Jubek State, South Sudan, Paper IV 
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2. Study subjects and methods
2.1 Study area 
South Sudan is a landlocked country located in East-Central Africa. It gained independence 
on 9th July 2011 from the Republic of Sudan following a referendum (124, 125). South 
Sudan is bordered by Sudan to the north, Ethiopia to the east, Kenya to the southeast, 
Uganda to the south, the Democratic Republic of Congo to the southwest, and the Central 
African Republic to the west, Figure 3. 
Figure 3. Map of Africa with South Sudan highlighted (126). 
South Sudan has a surface area of 640,000 square kilometres (km2), almost twice as large as 
Norway. The estimated population is 12 million (127). South Sudan’s Human Development 
Index in 2018 ranked number 187 out of 189 in the world, only followed by the Central 
African Republic and Niger. The country has some of the poorest basic health indicators in 
the world (115) (Table 2). 


















2.2 Study setting 
The surveys were carried out in Juba Teaching Hospital (Figure 4) and a rural community in 
Jubek State. Jubek State hosts Juba, the capital city and the most populous city in South 
Sudan. Jubek State is bordered by the following States: Terekeka to the north, Imatong to 
the east, Yei River to the southwest, and Amadi to the west (Figure 5). 
 
Fig. 4. Juba Teaching Hospital in Juba, South Sudan. 
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Figure  5.  The  states  of  South  Sudan  (128).  The  studies  were  carried  out  in  Jubek  state 
(south on the map). 
The different methods used are described in detail in each study. However, a summary of 
the methodology is presented in this section and in Table 3. 
The work consists of 3 surveys: Two hospital-based surveys in Juba Teaching Hospital in 
October 2016 and April 2018 (Papers I and II) and a community-based survey between 
October – December 2016 (Papers III and IV).  




























































Setting and design 
We carried out a cross-sectional hospital-based survey among 806 mother-infant pairs at 
Juba Teaching Hospital in South Sudan (Figure 5).  
 
Sampling 
From October 2016, we contacted a total of 1723 mothers in the postnatal ward of Juba 
Teaching Hospital. We excluded 13 mothers who had had stillbirths and 94 mothers 
enrolled in another study. The team explained the objectives and procedures of the study to 
1616 mothers eligible to participate, and randomly selected 808 mothers. Of these, 806 
consented to participate in the study, but 2 mothers with sick infants declined. The team 
conducted face-to-face interview using a paper-based questionnaire to collect data on 
sociodemographic, birth characteristics, and early breastfeeding practices (Figure 6). The 
detailed sampling procedure is described in Paper I. 







Statistical analysis was carried out using STATA version 14 (STATA Corp LLC, Texas, 
USA). We used conventional statistical methods to summarize and describe data in the 
tables. Multivariable analysis was conducted to identify factors associated with delayed 
initiation of breastfeeding. 
 
Paper II 
Study design  
This was a “before and after” study carried out among 806 mother-infant pairs in the 
maternity unit at Juba Teaching Hospital. 
 
Sample size estimation  
We used Open Epi (Fleiss) and a formula for detecting differences between 2 proportions 
(129). The assumptions made were an alpha of 5%, power of 90%, the ratio of exposed to 
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unexposed as 1, and 48% prevalence of early initiation of breastfeeding in the baseline 
“before” study. We assumed that the training of health workers would increase the 
prevalence of early initiation breastfeeding to 56%. The sample size was again the 806 
participants.  
 
Training of health workers in Juba Teaching Hospital 
The low prevalence of early initiation of breastfeeding in the “before” study triggered the 
research team to plan and implement a training intervention for health workers to improve 
their competence in promoting optimal breastfeeding in the hospital. A breastfeeding expert 
facilitated a 4-day course based on the WHO/UNICEF Baby-Friendly Hospital Initiative 20 
hour course (130). The training consisted of 15.5 hours of theory and 4.5 hours of practical 
sessions – demonstrations, role-plays, and hands-on practice in the postnatal ward. After the 
training, a grace period of 4 months was allowed for the health workers to internalize and 
practice their acquired skills.  
Four months after the training, we carried out the “after study” to assess breastfeeding 
practices in the same hospital. Between the “before” and “after” surveys, there was no 
change in hospital leadership, nor on the maternity ward. No significant political or policy 
changes had taken place in the country, nor any interventions, such as a massive 
breastfeeding awareness campaign.  
 
Sampling 
A total of 990 mothers gave birth to live infants in Juba Teaching Hospital during the study 
period. We consecutively recruited a total of 806 mother-infant pairs. We excluded 116 
mothers not contacted by the study team because they had had an early discharge, 31 
declined consent, 33 had sick infants, and 4 infants had congenital malformations. 
  
Statistical analysis 
The two datasets, “before” and “after” were merged. We used conventional statistical 
methods to summarize and describe the data in tables. A modified Poisson model was used 
to assess the effect of the training on early initiation of breastfeeding. We assessed 
confounding and retained factors that caused a variation between the crude and the adjusted 
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prevalence ratio of ≥ 10% and known confounders from the literature in the final model. 
Stata version 15 (Stata Corp, College Station, Texas, USA) was used in the analysis.  
 
Papers III and IV 
 
Setting and design 
We carried out a community-based survey among 806 mothers of children aged 0-23 
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Sample size estimation 
The sample size for this study was calculated using Open-Epi software (129). The following 
considerations were made when calculating the sample size for assessing prevalence of pre-
lacteal feeding: 43% prevalence of pre-lacteal feeding from a study in Uganda (131); a 
precision of 5%; a design effect of 2 and 7.5% non-response. For the factors associated with 
pre-lacteal feeding, the place of birth was used to calculate the sample size required to 
detect differences in the proportion of pre-lacteal feeding between mothers who had given 
birth at home and those who had hospital births. Using a study in South Sudan where 87% 
of mothers gave birth at home (132), we assumed that the prevalence of pre-lacteal feeding 
was 70% among mothers who had given birth at home, and 48% for those who gave birth in 
hospital. This yielded a total of 349 participants for the objective of factors associated with 
pre-lacteal feeding. Therefore, we took the larger sample size of 810.  
The sample size for the prevalence of health facility utilization was calculated using Open 
Epi (129). The following were considered in the calculation: a 12% prevalence of health 
facility birth from South Sudan Household Survey (133); a precision of 5%; and a design 
effect of 4.9. This gave a minimum sample size of 795 participants. We therefore took the 
larger sample size of 810 above.  
 
Sampling 
We used a 2-stage sampling method, which is basically a modification of the WHO 
Expanded Programme of Immunization (EPI) method for estimating vaccination coverage 
(134). We listed all 43 villages and corresponding populations in the 4 counties, from which 
we selected 30 villages by probability proportionate to size. In each village, a list of 
households was used to choose an index house randomly. The next house was selected by 
picking the house nearest to the index household, i.e. the one whose door was closest. Only 
one mother-infant pair was chosen from each household. This process was repeated until 27 
mother-infant pairs had been interviewed in each village, giving a total of 810 participants. 
The details of the sampling procedure have been published in Papers I and II. 
Trained research assistants conversant with the study area and fluent in the local language 
collected the data. The interviews were done in a private area in the mother's home away 
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from the other members of the family. We recruited mothers of children aged 0-23 months. 






We used STATA version 14 (STATA Corp LLC, Texas, USA) with a survey set command 
adjusted for multistage sampling in the data analysis. The data were reported as proportions, 
means and standard deviations. We conducted logistic regression to assess factors associated 
with pre-lacteal feeding and health facility birth, with further analysis to assess for any 








Ethical approval was obtained from the Directorate of Planning, Budgeting and Research in 
the Ministry of Health in South Sudan – reference number SMOH/E/JS/44. K.1; and from 
the Norwegian Regional Committee for Medical and Health Research Ethics in the West - 
reference 2018/913/REK Vest. Official letters of permission were presented to the Director 
General of the hospital, ward in-charge and the community leaders. Written informed 
consent was obtained from the mothers and a thumb print from those who could not write. 
Privacy and confidentially measures were maintained throughout the study. 
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3. Results  
 
Paper I 
In total, 806 mother-infant pairs were recruited at the postnatal ward in Juba Teaching 
Hospital. The mean age of the mother was 26.5 years with a standard deviation (SD) of 5.3. 
The mean age of the children was 12.4 (SD 6.9) months. The prevalence of early initiation 
of breastfeeding was [48% (388/806); 95% confidence interval (CI) (43.1-54.3)]. Factors 
associated with delayed initiation of breastfeeding included caesarean section, discarding of 
colostrum, advertisement of formula milk, lack of marriage and non-house ownership.  
 
Paper II 
In this paper, the prevalence of early initiation of breastfeeding increased from 48% 
(388/806) before to 91% (732/806) after health workers training. Similarly, early initiation 
of breastfeeding increased from 3% (3/97) before to 60% (12/20) after health workers 
training among women who delivered by caesarean section. About 8% (67/806) of mothers 
discarded colostrum before compared to 3% (24/806) after health workers training. 
Furthermore, 17% (134/806) of mothers used pre-lacteal feeds before compared to only 2% 
(15/806) after health workers training. Regardless of the mode of birth, the training 
intervention was effective in increasing early initiation of breastfeeding [adjusted 
prevalence ratio (PR) 1.69, 95% confidence interval, CI (1.57-1.82)] in the hospital. 
 
Paper III 
For this paper, 810 mother-infant pairs were enrolled. The mean age of the mothers was 
26.6 (SD 5.5) years. The mean age of the children was 12.4(SD 6.9) months. Most mothers 
were married, but over half had no formal education. The prevalence of pre-lacteal feeding 
was [53% (426/810); 95% CI (48.1-59.0)]. Predictors of pre-lacteal feeding included lack of 
breastfeeding counselling and discarding of colostrum.  
 
Paper IV 
Only a quarter of the mothers gave birth at health facilities [25.8% (209/810); 95% CI 
(18.2-35.3)] and a similar proportion had skilled attendants [25.6% (207/810); 95% CI 
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(17.9-35.0)]. Factors associated with health facility births in the multivariable analysis 
included educational status, antenatal care, socio-economic status and primipara. Further 
analysis of the data revealed that the mothers giving birth at home were more likely to delay 
initiation of breastfeeding [AOR 1.72; 95% CI (1.03,2.88)] (Table 4).  
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4. Discussion  
 
We found more than half the mothers delayed initiation of breastfeeding, the associated 
factors delaying initiation of breastfeeding were caesarean section, discarding of colostrum, 
exposure to infant formula advertisement, single mother and lack of house ownership. On 
the other hand, the introduction of the Baby-Friendly Hospital Initiative training was 
effective in increasing an early initiation of breastfeeding. We also found more than half the 
mothers gave pre-lacteal feeds to their infants. Predictors of pre-lacteal feeding included 
lack of breastfeeding counselling and discarding of colostrum. Furthermore, only a quarter 
of the mothers gave birth at health facilities and a similar number had been attended by 
skilled birth attendants. Factors significantly associated with health facility births were 
antenatal visits, mother’s education, socio-economic and primipara. Further analysis of the 
data showed that the mothers who gave birth at home were more likely to delay initiation of 
breastfeeding. The details of the main findings are summarized in Table 5. 
 
4.1 Discussion of the main findings  
 
Breastfeeding initiation 
Despite the known benefits of breastfeeding, over half the mothers had delayed the initiation 
of breastfeeding before health workers training. This was an unexpected result, since Juba 
Teaching Hospital is a major referral health facility and a better outcome had been expected. 
Our study is not consistent with that of a recent Demographic Health Survey, which found 
that giving birth in a hospital was associated with early initiation of breastfeeding in sub-
Saharan Africa (215). According to WHO, the prevalence of early initiation of breastfeeding 
reported herein is suboptimal, below the target of 50% by 2025 (147). On the other hand, 
our findings are comparable to that of an Ethiopian study (217). Furthermore, our findings 
showed a lower prevalence of early initiation of breastfeeding compared to other studies 
conducted in Uganda (148), Bangladesh (53) and Malaysia (149). The possible explanation 
for the delayed initiation of breastfeeding could be due to poor implementation of 
breastfeeding policies, low ante-natal care attendance, lack of knowledge among mothers 
and lack of support from health workers. Another plausible explanation for these findings 
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might be inadequate breastfeeding knowledge among health workers who were observed to 
encourage the use of formula milk. We also noticed infant formula promoters in the 
hospital. Infant formula was also found among mothers who had just given birth and 








































As the baseline “before” study showed a large proportion of non-optimal breastfeeding 
practices, the study team designed a training intervention for health workers in the maternity 
unit of Juba Teaching Hospital based on the Baby-Friendly Hospital Initiative course.  
 
Effect of health workers’ training on breastfeeding initiation  
After health workers training nearly all mothers (91%) initiated breastfeeding within one 
hour of birth. This finding was expected since studies elsewhere showed the same trend of 
improvement in the rates of early initiation of breastfeeding following training of health 
workers (150, 151). The increase in early initiation of breastfeeding might be due to 
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knowledge and skills acquired by the health workers, which enabled them to educate, 
counsel and support nursing mothers. 
Apart from the impact on early initiation of breastfeeding, health workers training mitigated 
barriers to optimal breastfeeding, such as caesarean section, discarding of colostrum and the 
use of pre-lacteal feeds. Most mothers who gave birth by caesarean section practised early 
initiation of breastfeeding after training. There was also a significant decline in the 
discarding of colostrum and use of pre-lacteal feeds. This finding is consistent with that of a 
study in India (152). The probable explanation for the improvement might be that the health 
workers were able to educate, counsel and support the mothers about the benefits of 
colostrum and negative impact of pre-lacteal feeds.  
By implementing the Baby-Friendly Hospital Initiative course, we were able to enhance 
health workers’ knowledge/practice and improve the rate of early initiation of breastfeeding 
in Juba Teaching Hospital. We considered this a humble contribution to the scientific debate 
in the field of breastfeeding in a country that had been cut off from the rest of the world by 
many years of civil strife.  
 
Factors associated with delayed initiation of breastfeeding before the training of health 
workers 
Mothers delivering by caesarean section delayed initiation of breastfeeding compared to 
those who had a normal birth in the “before” study. This was consistent with recent findings 
from Ethiopia and Australia (153, 154). A possible explanation for this delay might be the 
prolonged time of recovery from anaesthesia or surgical procedure, separation of the mother 
and infant, delay in skin-to-skin contact, and pain or fatigue (155, 156). WHO recommends 
a caesarean section rate of 10-15% of hospital deliveries (157). However, the caesarean 
section rate of 22% in our study was high and might have contributed to delayed initiation 
of breastfeeding.  
Aggressive and unethical infant formula marketing and promotion strategies appear to 
undermine optimal breastfeeding in low- and middle-income countries (158). Here, we 
found delayed initiation of breastfeeding was high among mothers exposed to infant 
formula advertisement one month before giving birth. Mothers exposed to advertisement 
Justin Bruno Tongun 
 
 42
were twice as likely to delay initiation of breastfeeding. Our finding agrees with that of a 
recent study in Mexico, which reported suboptimal breastfeeding among mothers exposed to 
the promotion of infant formula (159). Similarly, a recent study from the Philippines 
reported that an infant is more likely to have received infant formula if the mother recalls 
the advertisement, and if a health worker or relatives recommended formula milk (160). 
Another systematic review revealed that the promotion of infant formula was a significant 
barrier to optimal breastfeeding (161). In Nepal, it has also been reported that the promotion 
of breast milk substitutes by health workers was associated with delayed initiation of 
breastfeeding and non-exclusive breastfeeding in hospitals (162). Furthermore, production 
and marketing of breast milk substitutes is rapidly expanding, and the sale of infant formula 
is projected to increase from $40 to 70 billion globally (163). This increase is mainly due to 
the marketing of infant formula in low- and middle-income countries.  
Marital status appears to be associated with delayed initiation of breastfeeding. Unmarried 
women were 4 times more likely to delay initiation of breastfeeding. A similar finding was 
reported in Kenya where unmarried women delayed breastfeeding initiation and ceased 
breastfeeding early (164). The probable explanation might be lack of social, economic and 
emotional support from the partner or family members. This finding agrees with a recent 
systematic review illustrating that partner, community and peer support are associated with 
optimal breastfeeding (165). Women in poor resource settings relied mostly on their partner 
for financial and social support. Thus, lack of such support may have a far-reaching effect 
on the mothers, especially during the postpartum period. Our findings also conform with the 
evidence from a systematic review, which reported a positive influence of social support on 
optimal breastfeeding (166). The father’s role and help in the promotion of optimal 
breastfeeding have been demonstrated in studies in different settings (167-171). 
Furthermore, a recent review that investigated interventions involving fathers showed a 
significant improvement in the initiation of breastfeeding, EBF and duration of 
breastfeeding when they were involved in breastfeeding (172). Therefore, the role of 
husbands or fathers is essential in supporting breastfeeding and should be given a priority in 
breastfeeding promotion interventions and programs.  
We have used house ownership as a proxy for the socio-economic status of the mothers. 
Mothers who did not own a house and therefore considered to have a low socio-economic 
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status more often delayed initiation of breastfeeding than other women. This is consistent 
with data from Ethiopia, where ownership of a house was associated with early initiation of 
breastfeeding (219). Low socio-economic status is associated with a stressful lifestyle and 
worries that might have contributed to suboptimal breastfeeding. Our result also agrees with 
findings from India, which showed that improved socio-economic status is vital in 
promoting optimal breastfeeding practices (173). In contrast to our results, a study in 
Nigeria reported an increase in early initiation of breastfeeding among mothers who were 
unemployed, uneducated and those who were poorer than average (174).  
 
Pre-lacteal feeding 
The use of pre-lacteal feeds was high among the mothers we surveyed, which is consistent 
with studies in Cote d’Ivoire and Uganda (175, 176). The similarity might be due to the 
study design and participants characteristics. Our result is higher than the prevalence of pre-
lacteal feeding in Ethiopia (177-181) and Tanzania (182). However, the use of pre-lacteal 
feeds in our study is much lower compared to the 73% prevalence of pre-lacteal feeding in 
Vietnam (141).  
In the current study most mothers gave sugar solution, infant formula, and water to their 
infants. The reasons for providing these pre-lacteal feeds vary for each type of feed. For 
example, mothers who gave sugar solution and infant formula thought their babies were 
hungry, while those who gave water misconceived that their infants might be thirsty because 
the outside temperature was high in South Sudan. Our finding is comparable to that of a 
study in Ghana, where women thought it was a normal practice to give water to infants 
(184). Similarly, a qualitative study in Tanzania reported that mothers were influenced by 
family members, especially the mother-in-law, to provide water and other feeds to crying 
babies to quench thirst and hunger (185). Some mothers also had a belief that giving other 
feeds could clean the infant’s mouth, throat, and prepare the stomach (180). 
The practice of discarding colostrum was common in the current study. Mothers who 
expressed and threw away colostrum were more likely to give pre-lacteal feeds compared to 
those who gave colostrum to their infants. Mothers had a belief that colostrum is “bad and 
dirty” and might cause their infants to become sick. This finding is consistent with results 
from a community study in Ethiopia, which showed that mothers who discarded colostrum 
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were 10 times more likely to give pre-lacteal feeds (180). It was also comparable to another 
study in the Raya kobo district in Ethiopia (186), where mothers who gave pre-lacteal feeds 
thought colostrum causes abdominal pain in the infants; hence they provided them with 
butter to prepare their bowels. Cultural beliefs are responsible for the practice of discarding 
of colostrum in most low-income settings (187). This practice is a significant barrier to early 
initiation and exclusive breastfeeding. Our study did not carry out an in-depth analysis of 
the effect of cultural beliefs on discarding of colostrum, which is one of its limitations.  
In sub-Saharan Africa, postpartum care for the mother and infant after birth is the 
responsibility of the wider family, including grandmothers, relatives and friends. Cultural 
beliefs and postnatal care offered to mothers are interconnected. These are directly 
associated with colostrum discarding and use of pre-lacteal feeds (188). It is not clear if 
colostrum discarding led to the use of pre-lacteal feeds or vice versa. It might be that 
mothers discard the first milk since it is considered dirty and bad for the infant. While 
waiting for the white milk to ‘come’, the mothers or relatives might have advised the mother 
to give pre-lacteal feeds. On the other hand, it is the norm in many cultures to offer infants 
liquids, foods or herbs before breastfeeding is established. However, before the mature milk 
is produced, the thick yellow milk that appears on the first day is expressed and discarded. 
Therefore, qualitative understanding of the cultural role linking pre-lacteal feeds and 
discarding of colostrum is needed in low resource settings, including South Sudan.  
 
Health facility utilization with skilled attendance 
This survey found that only a quarter of the women utilized a health facility during 
childbirth. This result was surprisingly low, given that the area surveyed has the 
comparative advantage of being close to Juba, the capital, compared to other regions. Thus, 
health facility births are most likely to be lower in other areas affected by conflict. 
Therefore, the proportion of mothers who give birth at health facilities remains alarmingly 
low. Lack of transport infrastructure would also have contributed to low access to health 
facilities during birth, since most of the communities surveyed live in islands along the river 
Nile where there is no road infrastructure. These women faced unreliable transport means, 
except bicycles and small boats; thus, they might have preferred giving birth at home, as 
reported in a previous systematic review in low- and middle-income countries (109). The 
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low use of health facilities in this survey could be partly due to the insecurity resulting from 
on-going civil unrest, which may have hindered improvement in the necessary infrastructure 
(112). Instability discourages mothers from utilizing health facilities, especially during the 
night (112, 189, 190). Socio-economic consequences and shocks of war lead to poor health 
service delivery and utilization (191-193). Furthermore, the low use of health facilities for 
childbirth could be due to reasons on the supply side, culminating in poor quality of 
healthcare (194). Another study has demonstrated that low-quality health care discourages 
women from using health facilities (190). There could also be socio-cultural factors, such as 
fear of loss of dignity that discourages mothers from seeking healthcare during childbirth 
(195). 
The factors associated with giving birth at a health facility or receiving skilled birth 
attendance during childbirth include: having attended antenatal care (ANC), mother’s 
education, socio-economic status, and being a first-time mother. These results are consistent 
with findings of a 2010 analysis of South Sudan Household Survey data on the risk factors 
for not using skilled birth attendants (196).  
Women who attended ANC were more likely to use health facilities at childbirth than those 
who had not. This finding is consistent with results from other low-income countries (197) 
and a multi-country report in 2016 (198). Women who attended ANC might have gained 
appropriate knowledge and were less likely to delay in seeking obstetric care. 
Educated women were more likely to utilize a health facility during birth than uneducated 
women, a result consistent with findings of a recent systematic review (106). A possible 
explanation is that educated mothers have better knowledge regarding obstetric care and are 
more likely to engage in health-seeking behaviour. Education status could indirectly 
influence other factors, such as income enabling the women to access health facility (199, 
200).  
Women in higher socio-economic status were reported to give birth in a health facility, most 
probably because they could afford to meet the indirect and direct cost linked to childbirth. 
In sub-Saharan Africa, health financing is a significant challenge and a unique barrier for 
users seeking healthcare services. In recent years, several countries (Ghana, Kenya, South 
Africa and Uganda) have implemented a policy of user fee abolition to encourage equitable 
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access to healthcare services (201). Removal or reduction of user fees has been reported to 
increase access and utilization of maternal services (202). On the other hand, a recent 
systematic review indicates that low household income is a barrier to the usage of health 
facilities during childbirth in several countries in sub-Saharan Africa (29). These findings 
are comparable to the result of our survey, which shows that women of low socio-economic 
status are less likely to use a health facility during childbirth. These results indicate that 
even in countries like South Sudan where healthcare, including maternal services, are said 
to have “free” indirect costs, such as transport, that prevent poor women from seeking 
institutional delivery (112). Further analysis of our data showed that mothers who gave birth 
at home were more likely to delay initiation of breastfeeding. 
 
4.2 Discussion of methods 
 
Study design  
These studies on breastfeeding initiation, pre-lacteal feeding, and health facility utilization 
used a cross-sectional quantitative design. The major limitation of the cross-sectional design 
is that it obtains self-reported data at one point-in-time. In addition, a cross-sectional study 
has in-built weaknesses, such as recall bias compared to a prospective study design. The 
surveys in this thesis used a short recall duration, which might have led to a lack of 
representativeness in the data. The second study used a “before and after” study design, with 
no randomization, with the only comparative group being “before”. Lack of randomization 
is an inbuilt weakness of the “before” and “after” design. This study design is the most 
useful non-experimental design in determining the immediate effect of a short-term 
programme, but is less useful in evaluating long-term programmes, since many parallel 
events can influence the outcome measure over longer time periods. Such circumstances can 
be threats to the internal validity. In principle, the designs used in this thesis only provide a 
glimpse into reality, which cannot be used to make any causal inference.  
 
Sample size 
The work in this thesis has adequate power, which is vital to answer the research questions 
and ensure that true relationships are found, while avoiding type II errors. A type II error is 
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the failure to reject a false null hypothesis (203). The sample size for all 4 studies was 
calculated in advance and had 90% power. The ranges of the confidence intervals (CI) are 
good indicators of power; hence, the smaller the CI ranges, the higher the power of the 
study, as is the case for the studies in this thesis. It could even be argued that the surveys 
were overpowered for their primary objective or outcome; but when conducting 
multivariable analysis, this power allows one to include many co-variables without losing 
too many degrees of freedom.  
 
Internal validity 
Threats to the internal validity are possible alternative explanations for the observed results. 
It is critical to understand whether the studies in this thesis truly measured what they were 
supposed to. We paid close attention to the main threats of internal validity, such as 
information bias, selection bias, and confounding (204). Bias is any trend in the collection, 
analysis, interpretation, publication, or review of data that leads to conclusions that are 
systematically different from the truth (205). Therefore, internal validity can be assessed by 
how well the surveys have ruled out alternative explanations for the findings.  
 
Information bias 
Data assessment is crucial for the validity of any study relying on self-reported information 
from study participants, as in our studies. Self-reported data is susceptible to recall bias and 
social desirability (206, 207); the longer the recall duration, the more challenging it is for 
the study participant to remember accurately the events and actions (208). Difficulties in 
remembering the events reduce precision in the information. A recall period of many years 
seems to increase the tendency to report the desired practice (209).  
We used a combination of a short recall of hours within in the postnatal ward of Juba 
Teaching Hospital, and 24-hour recall in the community survey. However, a 24-hour recall 
was found inadequate in obtaining information on breastfeeding pattern (210). Evidence has 
shown that mothers find it difficult to remember the timing of initiation of breastfeeding 
(211). However, we collected data within 24 hours of delivery, when mothers could vividly 
remember the circumstances surrounding birth, including breastfeeding in the hospital. 
Furthermore, we minimized recall bias in the community survey, since most of the mothers 
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had infants aged 0-6 months. A study on exclusive breastfeeding showed that mothers up to 
6 months after birth had a better recall than those with older children (212). Despite the 
short recall duration in the postnatal ward, there might have been recall bias in estimating 
timing of breastfeeding initiation, since most mothers had no watch and the ward had no 
wall-clock. The one hour within which infants were first put to the breast was self-reported 
by the mothers. 
Social desirability is a significant barrier in nutrition studies and other studies of sensitive 
topics, such as HIV-1 (213, 214). For example, in studies involving adults, foods regarded 
as unhealthy were less reported than foods considered healthy (215). On the other hand, 
under-reporting of events have been documented in a study in which adults report on behalf 
of children (215). In the studies in this thesis, it is likely that the mothers could have under-
reported undesired practices, such as birth assisted by traditional birth attendants or 
relatives, use of pre-lacteal feeds and discarding of colostrum.  
Previous studies have stressed the importance of face-to-face interviews compared to self-
administered questionnaire and/or telephone interviews, use of appropriate study tools and a 
conducive environment for interviews (216, 217). To ensure consistency in the studies, we 
carried out face-to-face interviews at the participant’s homestead in a private place away 
from family members. In addition, the interview time was kept short to avoid fatiguing 
participants. On average, an interview lasted for about one hour, which was adequate in 
answering the research question for each paper. However, in some instances it took longer 
to complete the questionnaire, and this might have caused fatigue among participants.  
The tool used in our studies was derived from a validated WHO guideline. The wording in 
the questionnaire was simplified and we deliberately minimized use of medical jargon and 
terminologies. The questionnaire was also translated into Bari, the local language, and then 
back-translated into English to ensure proper understanding of the questions. Trained 
research assistants conversant in the local language administered the questionnaire. Our 
studies were consistent with a previous study which reported that it is essential to ensure the 
wording of the questions and answers in the questionnaire are clear to enhance their 
understanding, and that the questions should not be intimidating or biased to the study 
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Selection of research participants is critical; inappropriate choice may distort the results. 
The selection of participants into the study and loss to follow-up of participants were the 
primary sources of bias. The study design in our papers allowed one contact with the 
participants and no follow-up. We minimized bias through a random selection of the 
participants (Paper I-III). However, we consecutively recruited participants in paper IV. In 
addition, some participants were not contacted by the study team because they had had an 
early discharge from the postnatal ward. Thus, it is possible that essential information might 
have been missed if the discharged participants had different characteristics from those who 
participated. This probably did not affect the overall results since only a small proportion of 
participants were discharged early. 
 
Threats to internal validity for the “before-and-after” study 
These include historical, instrumental/reporting, maturation, drop-out threats, etc. 
“Historical threat” arises when one or more events, such as a change of hospital 
management team or work procedures. These are not part of the intervention but could 
nevertheless influence the outcome that takes place between the “before” and “after” 
measurements (219). Historical threat was highly unlikely because there were no changes in 
the hospital management team, staff or working procedure between the “before” and “after” 
measurements.  
“Instrumentation/reporting threat” occurs when the method of measurement of study 
outcome change between the “before” and “after” measurements (219). This threat was 
minimized by using the same questionnaire during data collection before training and after 
training intervention. 
 “Maturation threat” arises when the apparent change in breastfeeding initiation might be 
because of the intervention group naturally changing as it becomes more knowledgeable or 
experienced rather than to the intervention itself (219). This was highly unlikely in our 
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survey because the mothers who participated in the “after” study were not the same mothers 
in the “before” survey.  
“Drop-out threat” occurs when many participates drop out of the study to alter the 
characteristics of the “after” participants (219). This threat was avoided since all the 
participants who consented took part in the study.  
 
Confounding  
Cross-sectional studies are prone to confounding due to non-randomization of exposure 
variables. We used standard cross-sectional design and a ‘before” and “after” study design 
after training health workers in the hospital. There was no randomization and only a 
historical control. In the analysis, comparisons were made between the baseline data and 
after training. From the designs per se, there is potential for confounding.  
To control for confounding in our studies, we included all the factors likely to influence the 
dependent variable in a multivariable logistic model. The predictors known to be associated 
with the dependent variable from the literature and variables with a p-value <0.25 from the 
bivariable logistic regression model were all included in the multivariable logistic model 
with stepwise selection. The stepwise selection procedure removes the non-significant 
variables, starting with the least significant and continuing until all the factors left in the 
model are those significantly associated with the dependent variable. The stepwise 
multivariable model is robust, which provided highly significant findings. Furthermore, a 
detailed assessment was carried out to ensure that highly correlated variables, such as 
“mother’s and father’s educational status”, have not been entered in the model at the same 
time. Thus, the factors associated with the outcome variable in the final model were found 
to be coherent with those in the literature and are therefore less likely to be due to chance. 
 
Consistency, reliability and dependability 
We paired assistants during the data collection. The supervisor ‘overheard’ a small number 
of the interviews to check for consistent interviewing, and any deviations were corrected. 
Furthermore, the principal investigator for these surveys checked the collected data daily for 
completeness and consistency. Appropriate reporting is also crucial in ensuring the 
consistency of the data generated in the studies. In this thesis, reporting followed the 
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recommended guidelines from ‘Strengthening the Reporting of Observational Studies in 
Epidemiology’ (STROBE) (220). 
 
Applicability: external validity and transferability 
The findings in this thesis may not be generalizable to the whole population because the 
data was collected from only Jubek State in South Sudan. Nevertheless, our findings give a 
glimpse of the broader picture in the country. Therefore, the current findings might be used 
to generate better estimates of health facility utilization at childbirth and breastfeeding 
practices in rural areas and health facilities in South Sudan. It might also be necessary to 
relate the specific findings to similar settings within South Sudan. For example, JTH is 
considered a model health facility, perceived to provide the “best healthcare.” 
Unfortunately, the current results revealed suboptimal breastfeeding practices among the 
surveyed mothers. We speculate that other health facilities across the country might be far 
from optimal. Therefore, transferability of the training intervention, which was proved 
effective in JTH, might apply to other health facilities in South Sudan. 
 
4.3 Strengths and limitations 
 
Strengths 
The work in this thesis used the most recent data to assess the determinants of breastfeeding 
practices, the effect of BFHI training on breastfeeding and examine the social determinants 
of health facility utilization at birth in the time of civil unrest in South Sudan. The data 
pertaining to the determinants of breastfeeding in the health facility surveys were collected a 
few hours after delivery. The results can be used to generate better estimates of 
breastfeeding practices and health facility use at birth in South Sudan. Furthermore, the 
results contribute to the body of literature and scientific debate on the determinants of 
breastfeeding and health facility utilization at birth and highlight the need for targeted 








A major limitation in this thesis was the measurement of the main outcomes with a 2-year 
recall window. The long recall periods of the time to initiating breastfeeding, use of pre-
lacteal feed and health facility utilization might have introduced a misclassification bias. In 
addition, mothers provided self-reported information on these practices, which might have 
led to social desirability bias in which the participants report on what was expected and not 
on actual practices (221).  
In the “before” and “after” study, there could be possible historical, instrumental/reporting, 
maturation threat to internal validity. In addition, data on history of pregnancy, factors such 
as distance to the health facility, and complications during previous childbirth, were not 
obtained, which was a major limitation.  
Our studies used only a quantitative method. A mixed-methods approach could have given 
us an in-depth understanding of the factors underlying the breastfeeding practices and health 
facility utilization. We were unable to carry out an in-depth probe into cultural norms and 
practices associated with breastfeeding practices and utilization of health facilities due to 
insecurity caused by the ongoing civil unrest in the country.  
In this thesis, the mothers’ ability to estimate the exact time of the initiation of breastfeeding 
was not appropriately assessed. Most mothers had no time-piece in the postnatal ward to 
accurately assess the timing of early initiation of breastfeeding. 
Finally, the outcome of this thesis cannot be generalized to the whole population in the 
country since the data came from only one community and a single hospital.  
 
4.4 Policy recommendations 
Our work supports WHO’s breastfeeding recommendations. However, there is a need to 
target the barriers to optimal breastfeeding practices in South Sudan.  
 The Ministry of Health needs to roll out the Baby-Friendly Hospital Initiative 
training to all health workers and support the accreditation of the Baby-Friendly 
Hospital Initiative programme in all maternity units. 
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 There is a need to conduct a countrywide campaign on the importance of utilization 
of health facility-based delivery, especially in rural communities to increase the use 
of health facilities during childbirth.  
 The donor community and non-governmental organizations need to support the 
Ministry of Health in implementing the Baby-Friendly Hospital Initiative in hospitals 
and programmes that promote health facility utilization in South Sudan. 
 
5. Conclusion  
The findings in this thesis highlight the need for efforts to increase health facility births, 
breastfeeding counselling, promote the health benefits of early initiation of breastfeeding, 
discourage the discarding of colostrum and the use of pre-lacteal feeds. These will result in 
improved breastfeeding practices and ultimately improved maternal and infant health. 
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Factors associated with delayed initiation of
breastfeeding: a cross-sectional study in
South Sudan
Justin Bruno Tongun1,2*, Mohammed Boy Sebit3, David Mukunya1, Grace Ndeezi4, Victoria Nankabirwa1,5,
Thorkild Tylleskar1 and James K. Tumwine4
Abstract
Background: The global breastfeeding recommendation states that all infants should be put to the breast within
one hour of birth, which is defined as timely initiation or early initiation of breastfeeding. Early initiation of breastfeeding is
associated with reduced risk in infant illness and death. Understanding the determinants of delay in initiation
of breastfeeding might spur health staff and policy makers to foster timely breastfeeding. We assessed the
prevalence and determinants of delay in initiation of breastfeeding among mothers in Juba Teaching Hospital.
Methods: The present study enrolled 806 mother-infant pairs within 24 hrs of birth in Juba Teaching Hospital
in 2017. The mothers were interviewed about the time of initiation of breastfeeding, sociodemographic and
birth characteristics. The independent variables associated with delay in initiation of breastfeeding were identified using
multivariable logistic regression analysis.
Results: In the current study, 52% (418/806) of the mothers initiated breastfeeding later than one hour after birth. Birth
by Caesarean section (Adjusted Odds Ratio [AOR] 41; 95% Confidence Interval [CI] 12.21, 138), discarding of colostrum
(AOR 9.89; 95% CI 4.14, 23.62), unmarried mothers (AOR 3.76; 95% CI 1.53, 9.24), exposure to infant formula advertisement
(AOR 1.82; 95% CI 1.09, 3.02) and no house ownership (AOR 1.52; 95% CI 1.11, 2.09) were independent factors associated
with delay in initiation of breastfeeding.
Conclusion: We found that more than half of the mothers delayed the initiation of breastfeeding. Therefore, we
recommend training on best breastfeeding practices and counselling skills for health staff in Juba Teaching Hospital.
Policy dialogue, with the relevant ministries and departments on the promotion and protection of early initiation of
breastfeeding is crucial.
Keywords: Breastfeeding, Early initiation, Infant, Associated factors, South Sudan
Background
The universally accepted breastfeeding recommenda-
tions state that all newborn babies should be placed in
skin-to-skin contact with their mothers immediately
after birth and initiate breastfeeding within one hour of
birth [1]. It also states that all infants should be exclu-
sively breastfed (EBF) for six months. From six months
of age introduce the child to timely, adequate, safe and
appropriate complementary foods while continuing
breastfeeding up to two years or beyond [2, 3].
In a recent study, 58% of infants were put to the breast
within one hour of birth [4]. Early initiation of breastfeed-
ing (EIBF) promotes the release of oxytocin that enables
contraction of the uterus and decreases postpartum haem-
orrhage [5]. Early breast suckling facilitates production of
the first breastmilk, called colostrum which has nutrients
and immunity substances that protect infants from infec-
tions [5]. Evidence from studies found that EIBF was asso-
ciated with a lower risk of diarrhoea in infants in Nigeria
[6], reduced infant morbidity in Nepal, Vietnam and India
[7–9] and reduced infant mortality in Ghana [10, 11].
* Correspondence: tongunmafi@gmail.com
1Centre for International Health, University of Bergen, Bergen, Norway
2Department of Paediatrics and Child Health, College of Medicine, University
of Juba, Juba, South Sudan
Full list of author information is available at the end of the article
© The Author(s). 2018 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.
Bruno Tongun et al. International Breastfeeding Journal  (2018) 13:28 
https://doi.org/10.1186/s13006-018-0170-0
However, suboptimal breastfeeding was one of the three
leading causes of infant diseases in sub-Saharan Africa
[12]. Delay in the initiation of breastfeeding was respon-
sible for increased risk in infant morbidity and mortality
in Ghana, India and Tanzania [13]. This practice was asso-
ciated with antenatal care visits [14], birth place [15],
home area, household income [16, 17], prelacteal feeding
[18], birth by Caesarian section (CS) and colostrum dis-
carding [19].
The present study was carried out in South Sudan, a
country plagued by wars since the 1950s and only punc-
tuated by peace, in 2005 to 2013. These conflicts trau-
matized women and children, consequently influencing
health seeking behaviour and infant feeding. In 2016, the
United Nations Children’s Fund (UNICEF) estimated
that 48% of infants were breastfed early; while 45% were
exclusively breastfed for six months [20]. There is little
known about the determinants of early breastfeeding
practices in South Sudan. This, Africa’s youngest nation
is fast introducing a number of WHO/UNICEF pro-
moted policies and practices. However, it is not clear to
what extent these policies have been implemented. For
example, there is a draft policy on infant and young
child feeding which apparently, incorporated the Baby
Friendly Hospital Initiative (BFHI). To date, however no
hospital in the country has yet started implementing the
BFHI policy. Therefore, identifying predictors of delay in
initiation of breastfeeding is critical in designing strat-
egies to improve early initiation of breastfeeding. This
study sought to establish factors associated with delay in
initiation of breastfeeding in South Sudan.
Methods
Study setting
This study was conducted at the maternity ward in Juba
Teaching Hospital (JTH) in South Sudan. This is a na-
tional referral and teaching hospital for the College of
Medicine, University of Juba. The hospital has a capacity
of 500 beds and conducts, on average, 20 births daily.
Study design and sample
This was a cross-sectional study among 806 mother-infant
pairs conducted from October 2016 to January 2017.
Mothers who gave informed written consent, had a term
birth and live infant were included. We excluded mothers
who had ill infants; and those unable to communicate
independently.
Sample size estimation
This study considered a 50% prevalence of early initi-
ation of breastfeeding in sub-Saharan Africa from a re-
cent descriptive analysis in 57 low-and middle-income
counties [21], with a precision of 5%, 95% confidence in-
tervals and non-response of 20%. This gave us sample
size of 461 participants. This sample size was deter-
mined using Open Epi [22].
We also calculated a sample size for factors associated
with delay in initiation of breastfeeding. Initially, the
sample sizes of various exposures were computed using
Open-Epi [22] epidemiological calculator for detecting
differences between proportions of two groups (Kelsey
formula). Finally, discarding of colostrum was used to
calculate the sample size needed for detecting variations
between proportions of delay in initiation of breastfeed-
ing between mothers who discarded colostrum and
those who did not. Using a study from the Somali region
of Ethiopia where 46.3% of the mothers discarded colos-
trum, while 53.7% did not [23], we assumed the propor-
tion of delay in initiation of breastfeeding of 59% for
mothers who discarded colostrum and 49% for those
who have not discarded. This gave a sample size of 806;
which was enough to detect differences in the propor-
tions of the exposures of interest with 80% power.
Sampling procedure
A total of 1723 mothers gave birth in JTH, of these 13
had stillbirths; and 94 mothers were enrolled in another
study. The study objectives and procedures were ex-
plained to the 1616 mothers eligible to participate in the
study. In the design of the study, we planned to recruit
10 of the 20 mothers who gave birth daily. However,
consecutive sampling would have favored those mothers
who gave birth in the day and left out those who gave
birth at night; who may have different characteristics. It
was also not practical to randomly sample 10 mothers
after all births had occurred in a day, because most
mothers leave the hospital few hours after birth. There-
fore, we decided to randomly sample one of every two
mothers who gave birth. This process spread the data
collection throughout the day. So, for every two births,
the mothers were requested to pick a concealed piece of
paper from a box. Those who picked a “yes” were
assigned to “participate” and those picking the “no” op-
tion to “not to participate” in the study (Fig. 1). Of the
808 mothers who picked to participate in the study, 806
consented to participate in the study; while two mothers
with ill infants declined consent.
Data collection and instruments
We used a questionnaire generated from the World
Health Organization (WHO) indicators for assessing in-
fant and young child feeding practices [24] and a study
in Uganda [25]. The questionnaire was translated to Bari
(the local language) and back translated into English by
a different translator for validation. Next, it was piloted
and pretested in Al Sabbah Children Hospital in Juba.
After the pilot test, irrelevant questions were removed,
vague questions made clearer and errors corrected. The
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questionnaire had three sections: sociodemographic
characteristics, birth characteristics, and breastfeeding
practices. The data were collected by a pair of trained
research assistants in a face to face interview. The col-
lected data were checked daily for completeness,
consistency and errors by the principal investigator (PI).
The data were cleaned, coded, double entered into Epi
Info version 6 and stored safely in a password-protected
computer to which the PI had sole access.
Study variables
The outcome variable was timely or early initiation of
breastfeeding. The mothers were asked how long after
birth their babies were first put to the breast. Initiating
breastfeeding within one hour was categorized as “early”,
whereas later than one hour was categorized as “late /de-
layed”. The independent variables have three sections:
1: Sociodemographic characteristics including maternal
age, marital status, parity, place of residence,
educational status, employment status, religion,
household assets, house ownership, age of infant,
and infant sex.
2: Maternal health services including antenatal care,
place of birth, assistance during birth, mode of
delivery, type of birth, birth order, breastfeeding
counseling, breastfeeding support; and exposure to
infant formula advertisement through radio, TV or
newspapers one month before birth.
3: Breastfeeding practices including prelacteal feeding
and colostrum discarding.
Data processing and analysis
In the present study, we reported the descriptive vari-
ables as means and standard deviations. The categorical
variables were reported as proportions. Chi square tests
were performed to identify the independent variables
that were associated with outcome variable of interest
and recorded their p - values. Factors from the literature
known to predict our outcome variable and those with a
p - value ≤0.25 at binary analysis, not in the causal path-
way and not strongly collinear with other independent
variables were entered into the initial multivariable logis-
tic regression model. We evaluated for collinearity and
any factor with variance inflation factor (VIF) > 10 was
regarded as strongly collinear. In instances where there
was collinearity, the factor with a stronger measure of
association with the outcome variable was retained in
the model and the other dropped. The variables with
a p - value ≤0.25 from bivariate analysis were then
entered into a backward stepwise multivariate model.
Next interaction terms were formed between the variables
retained in the multivariate model. The reduced model
was then compared with the model with the interaction
terms using chunk test to assess for interaction. We evalu-
ated the confounding effect for the variables dropped from
the model on the variables that remained in the multivari-
ate model. Any variable that caused a variation ≥10% be-
tween the crude and adjusted degrees of association of
any of the variables that remained in the multivariate
model was kept in the model as a confounder. In the final
model, independent variables with a p - value < 0.05 were
regarded key associated factors. Finally, we carried out
the multivariable logistic regression analysis without
discarding of colostrum. Since this variable could be a
consequence and not a cause of the delay in initiation
of breastfeeding. For example, discarding of colostrum
could result from delay in initiation of breastfeeding
due to mother’s engorged breast or infant illness. To
control for this situation, we repeated the analysis with-
out this variable. Data analysis for the current study
was conducted using STATA version 14 (Stata Corp
LLC, Texas, USA).
Results
Baseline and birth characteristics
The mean age of the mothers was 24.9 years (SD 5.3)
(Tables 1 and 2). Of all the mothers, more than half 51%
lived in urban area, 46% owned houses, 96% were mar-
ried, 17% were uneducated, and 76% were unemployed.
The majority, 91% of the mothers attended antenatal
Fig. 1 Flowchart of mother-infant pairs in Juba Teaching Hospital,
South Sudan
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care (ANC), 88% gave birth normally, 55% received
breastfeeding counseling, and 88% were not exposed to
infant formula advertisement a month before birth.
Bivariate analysis
More than half 52% (418/806) of the mothers delayed
initiation of breastfeeding. Place of residence, marital
status, no house ownership, ANC, mode of birth, birth
order, type of birth, discarding of colostrum, and expos-
ure to infant formula advertisement were associated with
delay in initiation of breastfeeding (Table 3). The vari-
ables which were not associated at this level were ex-
cluded in final multivariable analysis.
Multivariable analysis
In this analysis, birth by Caesarean section (Adjusted
odd ratio [AOR] 41; 95% confidence interval [CI] 12.21,
138), discarding of colostrum (AOR 9.89; 95% CI 4.14,
23.62), unmarried mothers (AOR 3.76; 95% CI 1.53,
9.24), exposure to infant formula advertisement (AOR
1.82; 95% CI 1.09, 3.02), and no house ownership (AOR
1.52; 95% CI 1.11, 2.09) were associated with delay in
initiation of breastfeeding (Table 3). The repeated model
without discarding of colostrum found the same results
with similar measure of association.
Discussion
In this study, more than half of the mothers initiated
breastfeeding later than one hour after birth. Factors
Table 1 Baseline characteristics of mother-infant pairs and





breastfeeding n = 418
Variables n (%) n (%)
Infant sex
Male 386 (47.9) 209 (50.0)
Female 420 (52.1) 209 (50.0)
Mother age
≤ 19 139 (17.2) 73 (17.5)
20–24 252 (31.3) 126 (30.1)
25–29 246 (30.5) 135 (32.3)
30–34 123 (15.3) 57 (13.6)
≥ 35 46 (5.7) 27 (6.5)
Place of residence
Urban 410 (50.9) 204 (48.8)
Rural 396 (49.1) 214 (51.2)
House ownership
Yes 373 (46.3) 167 (40.0)
No 433 (53.7) 251 (60.0)
Mother marital status
Married 775 (96.2) 394 (94.3)
Single 31 (3.8) 24 (5.7)
Mother education status
None 136 (16.9) 65 (15.6)
Primary 377 (46.8) 194 (46.4)
Secondary 239 (29.7) 128 (30.6)
Tertiary 54 (6.7) 31 (7.4)
Mother employment status
Employed 197 (24.4) 101 (24.2)
Not employed 609 (75.6) 317 (75.8)
aDelayed initiation refers to putting an infant to the breast later than 1 hr
after birth
Table 2 Birth characteristics of mother-infant pairs and delayed




breastfeeding n = 418
Variables n (%) n (%)
Antenatal care visit
2 or more 731 (90.7) 368 (88.0)
0–1 75 (9.3) 50 (12.0)
Skilled birth attendant
Yes 788 (97.8) 406 (97.1)
No 18 (2.2) 12 (2.9)
Mode of birth
Normal vaginal 709 (88.0) 324 (77.5)
Caesarean section 97 (12.0) 94 (22.5)
Birth type
Single 790 (98.0) 407 (97.4)
Multiple 16 (2.0) 11 (2.6)
Birth order
Primipara 523 (64.9) 263 (62.9)
Multipara 283 (35.1) 155 (37.1)
Exposure to infant formula advertisement one month before birth
No 711 (88.2) 354 (84.7)
Yes 95 (11.8) 64 (15.3)
Breastfeeding counseling
Yes 445 (55.2) 241 (57.7)
No 361 (44.8) 177 (42.3)
Breastfeeding support
Yes 459 (56.9) 232 (55.5)
No 347 (43.1) 186 (44.5)
Discarding of colostrum
No 739 (91.7) 357 (85.4)
Yes 67 (8.3) 61 (14.6)
aDelayed initiation refers to putting an infant to the breast later than 1 h
after birth
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associated with this practice were birth by Caesarean sec-
tion, discarding of colostrum, unmarried mothers, no house
ownership and exposure to infant formula advertisement.
According to the WHO rating on early initiation of
breastfeeding; 0–29% is considered poor, 30–49% as fair,
50–89% as good and 90–100% as very good [26]. The
prevalence of early initiation of breastfeeding in the
present study is fair. This was similar to that of a study
in Ethiopia [27]. This was however, lower than that of
other studies in Mulago hospital (69%) [16], rural
Uganda (57%) [28], and Ethiopia (84%) [29].
There was strong evidence that birth by Caesarean
section (CS) was associated with delay in initiation of
breastfeeding. This was similar to findings from Uganda
[30], Tanzania [31], Ethiopia [27], and Nigeria [32]. This
could be explained by the hospital practice of separating
infants from their mothers after CS as reported in stud-
ies in Nigeria [33] and Vietnam [34]. This also could be
due to fatigue and pain experienced by the mother after
birth [16].
Mothers who were exposed to infant formula adver-
tisement were two times more likely to delay initiation
of breastfeeding. This was similar to that of a study in
Cambodia [35]. A recent systematic review found that
infant formula promotion undermined breastfeeding,
urged mothers to stop breastfeeding and gave prelacteal
feeding [36]. A study in Nepal found that promotion of
infant formula by health staff contributed to suboptimal
breastfeeding [37].
Discarding of colostrum was strongly associated with
delay in initiation of breastfeeding. However, discarding
colostrum could be a consequence and not a cause of
delay in initiation of breastfeeding. To counter this situ-
ation, the multivariable analysis was repeated without
Table 3 Bivariate and multivariable analysis for delayed in
initiation of breastfeeding in Juba Teaching Hospital, South Sudan
Bivariate n = 806 Multivariable n = 806
Variables OR (95% CI) AORa (95% CI)
Infant’s sex
Male 1
Female 0.84 (0.64, 1.11) –
Mother’s age
≤ 19 1
20–24 0.90 (0.60, 1.37) –
25–29 1.10 (0.72, 1.67) –
30–34 0.78 (0.48, 1.27) –
≥ 35 1.28 (0.65, 2.52) –
Place of residence
Urban 1
Rural 1.19 (0.90, 1.57) –
House ownership
Yes 1 1
No 1.70 (1.29, 2.45) 1.52 (1.11, 2.09)
Mother marital status
Married 1 1
Unmarried 3.32 (1.41, 7.79) 3.76 (1.53, 9.24)
Mother education status
None 1
Primary 1.56 (0.78, 1.71) –
Secondary 1.26 (0.83, 1.92) –
Tertiary 1.47 (0.36, 1.28) –
Mother employment status
Employed 1
Not employed 1.03 (0.75, 1.42) –
Antenatal care visits
2 or more 1
0–1 1.97 (1.19, 3.26) 1.53(0.87, 2.71)
Skilled birth attendant
Yes 1
No 1.88 (0.70, 5.06) –
Mode of birth
Normal vaginal 1
Caesarean section 37.23 (11.68, 119) 41 (12.21, 138)
Birth type
Single 1
Multiple 2.07 (0.71, 6.01) –
Birth order
Multipara 1
Primipara 1.20 (0.90, 1.60) 1.22 (0.88, 1.68)
Table 3 Bivariate and multivariable analysis for delayed in
initiation of breastfeeding in Juba Teaching Hospital, South Sudan
(Continued)
Bivariate n = 806 Multivariable n = 806
Exposure to infant formula advertisement one month before birth
No 1 1
Yes 2.08 (1.32, 3.28) 1.82 (1.09, 3.02)
Breastfeeding counseling
Yes 1
No 0.81(0.62, 1.08) –
Breastfeeding support
Yes 1
No 1.13 (0.85, 1.49) –
Discarding of colostrum
No
Yes 10.88(4.65, 25.47) 9.89 (4.14, 23.62)
aAOR adjusted odds ratio
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discarding of colostrum, but the findings were similar. In
this study, mothers thought colostrum was dirty and
bad. This finding was similar to studies in Guinea-Bissau
[38], Ethiopia [39] and Guatemala [40]. Negative cultural
beliefs were responsible for discarding of colostrum.
However, our study did not explore the effect of cultural
beliefs on discarding of colostrum.
Unmarried mothers were four times more likely to prac-
tice delay in initiation of breastfeeding compared to mar-
ried mothers. This was similar to recent findings in the
Democratic Republic of Congo [41] and Tanzania [31].
Another study in the USA reported delayed initiation of
breastfeeding among unmarried mothers who gave birth
to preterm infants [42]. The present study however, did
not investigate the reasons underlying delay in initiation
of breastfeeding among the unmarried mothers.
Lastly, mothers who did not own houses were two
times more likely to breastfeed later than one hour after
birth compared to those who own houses. This was
similar to that of a study in Ethiopia [29]. The mothers
who breastfed later than one hour after birth may most
likely be women living in poverty and were given less
opportunity to initiate breastfeeding early.
Strengths and limitations
This study was the first to assess early initiation of
breastfeeding in a unique conflict setting in South
Sudan. The data were gathered within 24 hrs after birth
which minimized recall bias. This study had several limi-
tations; the result of this study cannot be generalized
since one hospital was studied. This study omitted other
methods of infant formula advertisement such as points
of sale, social media promotion, internet, health staff role
and public display. In addition, the information on infant
formula advertisement could be subject to recall bias. Fi-
nally, the mothers’ ability to estimate exact time on initi-
ation of breastfeeding was not assessed.
Conclusion
In this study, delay in initiation of breastfeeding was
prevalent in Juba Teaching Hospital. Birth by Caesarean
section, discarding of colostrum, exposure to infant for-
mula advertisement, unmarried mothers and no house
ownership were associated with delay in initiation of
breastfeeding. We recommend health staff training on
best breastfeeding practices and counselling skills, espe-
cially the staff responsible for birth by Caesarean section.
In-depth study on cultural beliefs and socioeconomic de-
terminants with special focus on discarding of colostrum
and house ownership is urgent. Policy dialogue is crucial
with the Ministry of Health to review compliance with
WHO policies, especially the Code of Marketing Breast
Milk Substitutes. Initiation of the BFHI might go a long
way in mitigating the challenge of delay in initiation of
breastfeeding in the hospital. Lastly, a qualitative study
is recommended to investigate the rational for delay in
initiation of breastfeeding among unmarried mothers.
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Abstract: Globally, suboptimal breastfeeding contributes to more than 800,000 child deaths annually.
In South Sudan, few women breastfeed early. We assessed the effect of a Baby-Friendly Hospital
Initiative training on early initiation of breastfeeding at Juba Teaching Hospital in South Sudan. We
carried out the training for health workers after a baseline survey. We recruited 806 mothers both
before and four to six months after training. We used a modified Poisson model to assess the effect of
training. The prevalence of early initiation of breastfeeding increased from 48% (388/806) before to
91% (732/806) after training. Similarly, early initiation of breastfeeding increased from 3% (3/97) before
to 60% (12/20) after training among women who delivered by caesarean section. About 8% (67/806) of
mothers discarded colostrum before compared to 3% (24/806) after training. Further, 17% (134/806)
of mothers used pre-lacteal feeds before compared to only 2% (15/806) after training. Regardless
of the mode of birth, the intervention was effective in increasing early initiation of breastfeeding
[adjusted prevalence ratio (APR) 1.69, 95% confidence interval CI (1.57-1.82)]. These findings suggest
an urgent need to roll out the training to other hospitals in South Sudan. This will result in improved
breastfeeding practices, maternal, and infant health.
Keywords: Baby-Friendly Hospital Initiative; training; breastfeeding initiation; South Sudan
1. Introduction
Optimal breastfeeding includes early initiation of breastfeeding (within one hour of birth),
exclusive breastfeeding (EBF) from birth up to six months and continued breastfeeding for at least two
years [1]. According to the 2016 Lancet Breastfeeding Series, attaining high rates of EBF could prevent
as much as 800,000 child deaths per year globally [2,3]. Results from the Neovita study in Ghana, India
and Tanzania reported that early initiation of breastfeeding independently reduces neonatal mortality
and facilitates EBF [4].
A meta-analysis of Demographic and Health Surveys (DHS) from 29 sub-Saharan African countries
showed that 50% of women practiced early initiation of breastfeeding [5]. Findings from South Sudan
showed that the prevalence of early initiation of breastfeeding ranged between 35% and 48% in both
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the hospital and community [6,7]. South Sudan is a young nation emerging from civil strife and has
not implemented interventions such as the Baby-Friendly Hospital Initiative (BFHI) known to promote
optimal breastfeeding [8–10].
The BFHI is a programme of the World Health Organization (WHO) and the United Nations
Children’s Fund (UNICEF) which aims to protect, promote and support breastfeeding [11]. An analysis
of systematic reviews on interventions to improve breastfeeding outcomes demonstrated that adhering
to “the Ten Steps to Successful Breastfeeding” increased breastfeeding rates [8,12].
Given the low prevalence of early initiation of breastfeeding in our previous survey in Juba
Teaching Hospital (JTH) [6], we carried out the BFHI training course for health workers to improve
their competence to foster optimal breastfeeding. We hypothesized that the training would improve
the knowledge, skills and attitude of staff and early breastfeeding practices of mothers. This survey
assessed the effect of the BFHI training intervention on early initiation of breastfeeding at Juba Teaching
Hospital in South Sudan.
2. Subjects and Methods
2.1. Design
This was a “before and after” study carried out among mothers at JTH in South Sudan. This study
consisted of two parts, a baseline survey which forms the “before” part of this paper and the
post-training intervention survey which forms the “after” part of this paper. The “before” survey was
carried out in 2016 and has been published [6]. The rest of this section explains the details after the
“before” part. The “after” survey was carried out between April–July 2018 after the training of health
staff in December 2017.
Setting
This survey was carried out in the postnatal ward of JTH in South Sudan. This hospital conducts
approximately 7000 deliveries annually. The average hospital stays are one day for normal births and
three days for mothers who have had a caesarean section (CS).
2.2. Training of Health Workers in Juba Teaching Hospital
A paediatrician with specific training and practice in supporting lactation and breastfeeding
conducted a 4-day training for 30 health workers including gynaecologists, doctors, midwives and
nurses at the maternity unit of JTH in December 2017. All the health workers were enthusiastic
and completed the 4-day training. The training was based on the UNICEF/WHO BFHI—a 20 hour
course for maternity staff [13]. The training course consisted of 15.5 hours of theory and 4.5 hours of
demonstrations, role-plays and hands-on practice.
Four to six months after the training, we carried out the “after” survey to assess breastfeeding
practices in the same hospital. Between the “before” and “after” surveys, there was no change either in
hospital leadership or in the maternity ward. No significant political or policy changes had taken place
in the country in this field, nor had any interventions, such as breastfeeding awareness campaigns.
2.3. Inclusion and Exclusion Criteria
We included mothers who gave birth to live, healthy infants and excluded mothers who were
discharged early, those who declined consent and those who had sick infants and infants with
congenital malformations.
2.4. Sampling
A total of 990 mothers gave birth during both day and night to live infants in JTH during the
survey. We excluded 116 mothers who were not contacted by the survey team because they had had an
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early discharge, 31 who declined consent and 33 who had sick infants and four infants with congenital
malformations (Figure 1). We consecutively recruited 806 mother–infant pairs.
Figure 1. Profile of survey participants in April–July 2018 in Juba Teaching Hospital, South Sudan.
2.5. Variables
The dependent variable was early initiation of breastfeeding. Mothers were asked when they
first put their babies on the breast after birth. Breastfeeding within one hour of birth was categorized
as “early” and breastfeeding later than one hour after birth as “delayed”. The independent variables
included the place of residence, marital status, mother’s age, education, employment, socioeconomic
status, antenatal care, mode of birth, parity, infant sex, breastfeeding counselling during antenatal care,
pre-lacteal feeding and discarding of colostrum.
2.6. Sample Size Estimation
We used the Open Epi calculator [14] and a formula for detecting differences between two
proportions (Fleiss with continuity correction). The following considerations were made: an alpha
of 5%, a power of 90%, a ratio of exposed to unexposed one and 48% prevalence of early initiation
of breastfeeding from the baseline survey in JTH [6]. We assumed that the training would increase
the prevalence of early initiation of breastfeeding to 56%. The calculated sample size was 803. We
recruited 806 mother–infant pairs to make it comparable to the “before” survey.
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2.7. Survey Instrument and Data Quality
We used the same questionnaire for the “after” survey as for the “before” survey. It was derived
from the WHO guidelines [15] and an EBF survey in Eastern Uganda [16]. The study tool was initially
pilot tested and amended accordingly. The principal investigator checked the collected data daily for
completeness and consistency. The data were cleaned, coded, entered in an excel sheet and exported to
STATA (Stata Corp, College Station, Texas, USA) version 15 for analysis.
2.8. Data Analysis
The two datasets, “before” and “after” survey datasets, were merged. We used conventional
statistical methods to summarize and describe the data. We used a modified Poisson model to measure
the effect of training on early initiation of breastfeeding and included, as confounders, variables that
caused a variation of ≥10% between the crude and the adjusted prevalence ratio of effect of the training
on early initiation of breastfeeding and known confounders from the literature. We used STATA
version 15 (Stata Corp, College Station, Texas, USA) in the analysis of the data.
2.9. Ethical Approval and Consent to Participate
We obtained ethical approval to conduct this research from the Directorate of Planning, Budgeting,
and Research in the Ministry of Health in South Sudan (reference number: SMOH/E/JS/44. K.1) and
the Norwegian Regional Committee for Medical and Health Research Ethics in the West (reference
number: 2018/913/REK Vest). Official letters of permission were presented to the Director General
of the hospital and ward in-charge. We obtained written informed consent from the mothers and a




A total of 806 mothers participated in the “after” survey. There were no differences in the
sociodemographic characteristics of the participants before and after the training, as shown in Table 1.
In the “after” survey, the mean age of the mothers was 24.8, with a standard deviation (SD) of 5.4.
Less than half the mothers lived in rural areas, the majority were married, less than half had attended
primary schools, most were not formally employed, and half had low socioeconomic status. Most
mothers had attended antenatal care, less than half had had breastfeeding counselling during antenatal
care, and majority had a normal and singleton birth.
Table 1. Sociodemographic characteristics of mother–infant pairs before and after the Baby-Friendly
Hospital Initiative (BFHI) training in Juba Teaching Hospital, South Sudan.
Characteristics Before BFHI training in 2016 After BFHI training in 2018
N = 806 N = 806
n (%) n (%)
Place of residence
Urban 410 (50.9) 351 (43.6)
Rural 396 (49.1) 455 (56.4)
Mother’s age
15–19 139 (17.3) 153 (19.0)
20–24 252 (31.3) 256 (31.8)
25–29 246 (30.5) 227 (28.2)
30–34 123 (15.3) 120 (14.9)
≥35 46 (5.7) 50 (6.2)
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Table 1. Cont.
Characteristics Before BFHI training in 2016 After BFHI training in 2018
N = 806 N = 806
n (%) n (%)
Marital status
Married 775 (96.2) 773 (95.9)
Single 31 (3.9) 33 (4.1)
Mother’s education
None 132 (16.9) 166 (20.6)
Primary 377 (46.8) 322 (40.0)
Secondary 239 (29.7) 221 (27.4)
Tertiary 54 (6.7) 97 (12.0)
Mother’s employment
Employed 179 (24.4) 139 (17.3)
Unemployed 609 (75.6) 667 (82.8)
Mother’s socioeconomic status
Poorest 165 (20.5) 168 (20.8)
Poor 157 (19.5) 160 (19.9)
Medium 167 (20.8) 159 (19.3)
Richer 235 (29.2) 160 (19.9)
Richest 80 (10.0) 159 (19.7)
Infant sex
Male 386 (47.9) 448 (55.6)
Female 420 (52.1) 358 (44.4)
Antenatal care
0 visit 75 (9.3) 7 (0.9)
1–3 visits 311 (38.6) 326 (40.5)
≥4 visits 420 (52.1) 473 (58.7)
Mode of birth
Normal 709 (88.0) 786 (97.5)
Caesarean section (CS) 97 (12.0) 20 (2.5)
Parity
Single 790 (98.0) 793 (98.4)
Multiple 16 (2.0) 13 ( 1.6)
Breastfeeding counselling at
antenatal care
Yes 445 (55.2) 287 (35.6)
No 361 (44.8) 519 (64.4)
3.2. Breastfeeding Practices
As shown in Table 2, 48.1% (calculated by 388/806) of mothers practiced early initiation of
breastfeeding before the training, compared to 90.8% (calculated by 732/806) of mothers after the
training of health workers. The proportion of mothers discarding colostrum and/or giving pre-lacteal
feeds after the training was significantly lower. The proportion of mothers who delivered babies by
CS and adopted early initiation increased from 3% (calculated by 3/97) before the training of health
workers to 60% (calculated by 12/20) after the training of health workers, as shown in Table 2.
Int. J. Environ. Res. Public Health 2019, 16, 3917 6 of 9
Table 2. Breastfeeding practices among mother–infant pairs before and after the BFHI training in Juba
Teaching Hospital, South Sudan.
Breastfeeding Practices Before BFHI Training in 2016 After BFHI Trainingin 2018 p-Value
N = 806 N = 806
n (%) n (%)
Initiation of
breastfeeding
Early initiation 388 (48.1) 732 (90.8) <0.001
Delayed initiation 418 (51.9) 74 (9.2)
Colostrum discarded
No 739 (91.7) 782 (97.0) <0.001
Yes 67 (8.3) 24 (3.0)
Pre-lacteal feeding
No 672 (83.4) 791 (98.1) <0.001
Yes 134 (16.6) 15 (1.9)
Caesarean section
No 709 (88.0) 786 (97.5) <0.001
Yes 97 (12.0) 20 (2.3)
3.3. The Effect of Training on Breastfeeding
In the bivariable analysis, the prevalence of early initiation of breastfeeding increased from 48.1% to
90.8% with a prevalence ratio of 1.89 (95% confidence interval CI: 1.75–2.03). In the multivariable analysis
adjusting for marital status, mother’s residence, mother’s education, employment, socioeconomic
status, antenatal care visits, mode of birth, parity and any breastfeeding counselling, the prevalence
ratio was to some degree lower, which was 1.69 (95% CI: 1.57–1.82), as shown in Table 3. Regardless of
the mode of birth, the training was effective on early initiation of breastfeeding at the bivariable and
multivariable analysis.
Table 3. Bivariable and multivariable analysis among mother–infant pairs before and after the BFHI
training in Juba Teaching Hospital in South Sudan.
Characteristics
Bivariable Prevalence Ratio (PR)


















Married 1.32 (1.05–1.67) 1.28 (1.06–1.54)
Single 1 1
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Table 3. Cont.
Characteristics
Bivariable Prevalence Ratio (PR)







Primary 0.88 (0.81–0.96) 0.93 (0.87–1.00)
Secondary 0.89 (0.81–0.97) 0.92 (0.85–0.99)
Tertiary 0.99 (0.88–1.10) 0.94 (0.86–1.03)
Mother’s employment
Employed 1 1
Unemployed 1.10 (1.00–1.20) 0.99 (0.92–1.07)
Child sex
Male 1
Female 1.00 (0.94–1.07) -
Antenatal care
0 visit 1 1
1–3 visits 2.10 (1.55–2.84) 1.48 (1.10–2.00)
≥4 visits 2.09 (1.54–2.83) 1.48 (1.10–1.99)
Mode of birth
Normal 1 1
CS 0.17 (0.11–0.28) 0.22 (0.14–0.35)
Parity
Single 1 1
Multiple 0.59 (0.38–0.91) 0.73 (0.48–1.11)
Breastfeeding counselling at antenatal care
Yes 1 1
No 1.16 (1.08–1.24) 1.04 (0.98–1.10)
4. Discussion
This survey assessed the effect of the BFHI training on early initiation of breastfeeding in JTH. In
this paper, the prevalent of early initiation of breastfeeding increased from 48% before to 91% after
health workers training. The mothers were 70% more likely to initiate breastfeeding early after health
workers training. The increase in early initiation of breastfeeding could be due to the training of health
workers since there were no other significant events in the country between 2016 and 2018 in this field.
The training of the health workers might have mitigated barriers associated with delayed initiation of
breastfeeding reported in previous study [6]. Further, this result showed that BFHI is still, even if it has
been 25 years since its launch, an important programme to be implemented in places where it has not
yet been implemented. Our findings are in accord with findings from a systematic review that revealed
that health worker training programmes positively influence early initiation of breastfeeding [17].
Another study showed that training hospital nursery staff resulted in increased rates of early initiation
of breast breastfeeding [18]. Regardless of the mode of birth, we found the BFHI training is effective in
increasing the prevalence of early initiation of breastfeeding. This agrees with a report in Vietnam
which showed that an intervention that improved health workers’ knowledge and skills increased the
proportion of mothers who practiced early initiation of breastfeeding [19].
We found that more than half the mothers who gave birth by CS practiced early initiation of
breastfeeding after the BFHI training. A study in Australia showed higher proportions of early
initiation of breastfeeding among mothers who delivered babies by CS in BFHI hospitals [20]. However,
targeted context-specific intervention is needed to further improve initiation of breastfeeding among
mothers who give birth by CS in South Sudan [21].
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In the current survey, the use of pre-lacteal feeds was lower after the training. This is possibly
because of the training. This result is consistent with findings from a survey in India, which showed a
decline in pre-lacteal feeding after breastfeeding education was offered by trained health staff [22].
Similarly, fewer mothers discarded colostrum after the training. This result is similar to findings from
a survey in India, which showed an increase in mothers feeding colostrum to their infants after being
educated and supported by trained health staff [22].
The strengths of this survey are as following: (1) it is the first to evaluate the effect of the BFHI
training on early initiation of breastfeeding in South Sudan; (2) we used a large sample of mothers
and carried out the survey 4–6 months after the training. However, the findings from this survey are
difficult to generalize since the survey was carried out in one hospital. We did not ask the mothers’
views on early initiation and colostrum. We also did not assess health worker’s knowledge, attitude
and skills after the training. The “before and after” survey design has its inherent internal validity
limitations, such as historical records, reporting, testing and dropout threats. Furthermore, the mothers
who were excluded from the study, including those who were not contacted due to early discharge,
declined consent, sick infants and infants with congenital malformations, could have had different
characteristics from those who participated in the survey.
5. Conclusions
Our findings suggest an urgent need to roll out the BFHI training to other hospitals in South
Sudan. This will result in improved breastfeeding practices and ultimately improved maternal and
infant health.
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ABSTRACT
Background: Pre-lacteal feeding (PLF) is a barrier to optimal breastfeeding and increases the
risk of diarrhoea and acute respiratory tract infections in infants.The prevalence and predic-
tors of PLF are not well studied in South Sudan. Understanding the predictors of PLF is crucial
in designing interventions to increase exclusive breastfeeding (EBF) rates.
Objective: To assess the prevalence and factors associated with PLF in Jubek State, South Sudan.
Method: This was a community based cross-sectional study of 810 mothers of children under
two years of age in Jubek State, South Sudan. Mothers were interviewed in their homes using a
semi-structured questionnaire to collect data on PLF, socio-demographic and birth character-
istics. Multivariable analysis was used to identify factors independently associated with PLF.
Results: A total of 426/810 (53 %), 95% confidence interval (CI) [48 %, 59 %] mothers had given
pre-lacteal feeds to their infants. The commonest pre-lacteal feeds included glucose solution
(54%), water (26%), and infant formula (14%). Having received antenatal breastfeeding counsel-
ling decreased the odds of PLF [adjusted odds ratio (AOR) 0.60; 95% CI (0.43, 0.82)]; while
discarding of colostrum increased the use of pre-lacteal feeds [AOR 1.57; 95% CI (1.17, 2.11)].
Conclusion: The prevalence of PLF in South Sudan is high. Predictors of PLF included lack of
breastfeeding counselling and discarding of colostrum. Infant feeding counselling should be
given to all pregnant women in the health facilities and communities. The counselling should
emphasize the health benefits of colostrum and discourage the practice of discarding it.
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The United Nations Sustainable Development Goals
recommended a further reduction of neonatal and
under-fives’ mortality by 2030 [1]. Optimal breastfeed-
ing is one of the interventions that improve child survi-
val [2]. It has three elements according to the World
Health Organization (WHO) namely: early initiation of
breastfeeding (within one hour of birth); exclusive
breastfeeding (EBF) – breastmilk with no other foods
or liquids – in the first six months of life; and continued
breastfeeding up to two years of age and beyond, while
receiving appropriate complementary foods [3].
The Lancet series on breastfeeding estimated that,
globally, optimal breastfeeding may save the lives of
823,000 children aged less than five-years-old annually,
equivalent to 14% of the child deaths [4]. A multi-
country study with close to 100 000 mother–infant
pairs found that both early initiation and EBF were
independently associated with a lower risk of child
death [5]. Pre-lacteal feeding (PLF) is defined as giving
newborns liquids or foods other than breastmilk before
breastfeeding is established. It is one of the practices
jeopardizing optimal breastfeeding in low and middle-
income countries (LMIC) [6,7]. The Baby Friendly
Hospital Initiative (BFHI), in its 10 steps to successful
breastfeeding, discourages this practice [8]. The ratio-
nale behind discouraging PLF is that the feeds are easily
contaminated. This might introduce harmful micro-
organisms that increase the risk of diarrhoea and dis-
rupt establishment of normal flora in the infant’s gas-
trointestinal tract [9]. PLF has, also, been associated
with a fourfold increased risk in infant deaths from
infectious diseases [10]. Several studies have found
that socio-economic conditions, lack of knowledge
and cultural beliefs may contribute to PLF [11–13].
South Sudan, the world’s youngest country, gained
independence in 2011 [14]. It has been plagued by
conflict and widespread population displacement
with nearly 5 million people in need of humanitarian
aid [15]. The civil unrest resulted in displacement
that negatively influences infant feeding practices
[16]. UNICEF and non-government organizations
(NGOs) estimates that 45% of children below six-
months-old are exclusively breastfed [17] and pre-
lacteal feeds such as water and cows’ milk are
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commonly used [18]. However, published informa-
tion on predictors of PLF in South Sudan is lacking.
Understanding the predictors of PLF is critical in
developing strategies to mitigate this practice. This
study describes the prevalence and factors associated
with PLF in South Sudan.
Methods
Study design, setting and participants
This was a community based cross-sectional study con-
ducted among mothers of children aged less than
two years.
The study was carried out in Jubek State, South
Sudan, from October to December 2016. Jubek State
has an estimated population of 530,000 most of
whom live in rural areas [19]. It has 12 counties
and one city council (Juba). The study was done in
the four counties of Ladu (N = 24,000), Luri (30,744),
Mangala (9,631) and Rajaf (21,000) [19].
All consentingmothers who had a child aged less than
two years were included in the study. This included
mother–infant pairs who had been present in the village
at least 24 hours before the survey. For mothers with
more than one eligible child, the youngest was selected.
Sample size estimation
The sample size estimation was based on the two
objectives. For the prevalence of PLF, the calculated
sample size was 810 mother–infant pairs. This sample
size was obtained using Open-Epi software [20]. The
following considerations were made during the cal-
culation: 43% prevalence of PLF from a study in
Uganda [21]; precision of 5%; design effect of 2 and
7.5% non-response.
We also calculated the sample size for factors
associated with PLF using Open-Epi for detecting
variations between proportions of two groups
(Kelsey formula) [20]. In this calculation, the place
of birth was used to calculate the sample size required
to detect differences in the proportion of PLF
between mothers who had given birth at home and
those who had hospital births. Using a study in South
Sudan where 87% of mothers gave birth at home [22],
we assumed that the prevalence of PLF was 70%
among mothers who had given birth at home, and
48% for those delivering in hospital. This generated a
sample size of 349 for the objective on factors asso-
ciated with PLF. Therefore, we took the larger sample
size of 810 since this would give adequate sample size
for each objective.
Sampling procedure
We utilized a modified two stage cluster design survey
method developed by the Expanded Program of
Immunization of the WHO [23]. In the first stage, all
the clusters (43 villages) in the four counties were
recorded with their populations. Using probability pro-
portional to size, we selected 30 villages. In the second
stage, we asked the village leaders to enumerate and
make a list of all households, since there was no list of
households available in South Sudan. In each village, we
used the generated household list to select an index
house by simple random sampling. After choosing the
first house, the next house was the one with the door
facing and closest to the preceding house. One mother
who had an infant aged 0–23 months was interviewed
in each house. This procedure was repeated until 27
mother–infant pairs had been recruited in each village.
Eight trained research assistants conversant with
the study area and fluent in Bari (the local language)
collected the data. The interviews were done in a
private area in the mother’s home, away from the
other members of the family.
Study variables
The outcome variable was PLF. Mothers were asked:
‘Did you give [NAME] anything else in the first
three days of life apart from breast milk?’ If yes, they
were asked: ‘what was [NAME] given to drink?’ (The
pre-coded options were: water; glucose solution, non-
humanmilk; formulamilk; juice; gripe water; solid food
and others). The independent variables were maternal
age at the last birth, place of residence categorized as
‘rural’ or ‘urban’, marital status categorized as ‘married’
or ‘single’ (single, separated, divorced, widowed),
maternal education was categorized as ‘none’ (no for-
mal education), ‘primary’, and ‘≥ secondary’, maternal
employment (any job outside the home) was categor-
ized as ‘employed’ and ‘unemployed’, child’s sex was
categorized as ‘male’ or ‘female’, antenatal care visit was
categorized as ‘0–3ʹ, ‘≥ 4ʹ, place of birth was categorized
as ‘health facility’ or ‘home’, mode of birth was categor-
ized as ‘normal birth’ or ‘caesarean section’, type of
birth was categorized as ‘single’ or ‘multiple’, birth
order was categorized as ‘primipara’ or ‘multipara’, dis-
carding of colostrum (expressing and throwing away of
the first milk) was categorized as ‘yes’ and ‘no’, exposure
to infant formula advertisement a month before birth
was categorized as ‘yes’ and ‘no’, antenatal breastfeeding
counselling was categorized as ‘yes’ and ‘no’, supported/
assisted to breastfeed was categorized as ‘yes’ and ‘no’,
and house ownership categorized as ‘yes’ and ‘no’.
Data quality and analysis
We used a study tool developed from the WHO
guidelines on infant and young child feeding (IYCF)
[24] and a study on early initiation of breastfeeding
and EBF in Uganda [25]. The questionnaire was
translated into the local language Bari, and translated
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back into English, by a different expert. Pilot testing
was conducted to test the feasibility of study ques-
tionnaire. The principal investigator (JBT) checked
the data daily, for completeness and consistency.
Data was cleaned, coded and double entered into
Epi Info version 6 and stored in a secure password-
protected computer.
Continuous descriptive variables were reported as
means and standard deviations and the categorical
variables as proportions. Chi square tests were per-
formed to identify independent variables at bivari-
able analysis that were associated with outcome
variables. Predictors of PLF from the literature and
those with a p-value ≤0.25, not in the causal pathway
and not strongly collinear with other independent
variables were entered into the initial multivariable
logistic regression model. We evaluated for colli-
nearity and predictors with variance inflation factor
>10 were considered strongly collinear. In case of
collinearity, the predictor with a stronger measure of
association with the outcome variable was retained
and the other dropped from the model. We formed
interaction terms for variables that were signifi-
cantly associated with pre lacteal feeding, after run-
ning a backward stepwise model. We assessed for
interaction by comparing the original model with
the model with interaction terms using a chunk
test. In the final model building we included statis-
tically significant variables in the original model
(p < 0.05), significant variables from the literature,
and confounders in the model. Any variable that
caused a difference of ≥10% between the crude and
adjusted measures of association of any of the vari-
ables in the model was maintained in the model as a
confounder. Independent variables with a p-value of
less than 0.05 were considered significant.
Discarding of colostrum could be a consequence
and not a cause of the PLF. To control this situation,
we repeated the analysis without this variable.This
study used STATA version 14 (STATA Corp LLC,
Texas, USA) for data analysis.
Results
A total of 810 mother–infant pairs were included in
the study, as shown in Tables 1 and 2. The mean age
of the mothers was 26.6 years, with a standard devia-
tion (SD) of 5.5. The mean (SD) age of the children
was 12.4 (6.9) months. Most mothers were married,
over half had no formal education, and only a quarter
gave birth at a health facility.
Fifty-three per cent (426/810), 95% CI [48 %, 59 %]
of the mothers had given pre-lacteal feeds, as shown in
Tables 1 and 2. The common pre-lacteal feeds
included glucose solution, plain water, infant formula,
gripe water, and fruit juice, as shown in Figure 1.
In the bivariable analysis, the factors associated
with PLF were maternal education, caesarean section,
having received antenatal breastfeeding counselling
and discarding of colostrum, as shown in Table 3.
In the multivariable analysis, having received antena-
tal breastfeeding counselling decreased PLF [AOR
0.60; 95% CI (0.43, 0.82)]; while discarding of colos-
trum increased it [AOR 1.57; 95% CI (1.17, 2.11)], as
shown in Table 3.
Table 1. Baseline characteristics and PLF among mothers of
children aged less than two years surveyed in South Sudan.
Characteristics All participants Pre-lacteal feeding
N = 810 N = 426
n (%) n (%)
Mother’s age
≤19 59 (7.3) 33 (7.7)
20–24 205 (25.3) 100 (23.5)
25–29 289 (35.7) 161 (37.8)
30–34 178 (22.0) 93 (21.8)
≥35 79 (9.7) 39 (9.2)
Marital status
Married 793 (97.9) 415 (97.4)
Single 17 (2.1) 11 (2.6)
Mother’s education
None 516 (63.7) 280 (65.7)
Primary 228 (28.2) 120 (28.2)
≥Secondary 66 (8.1) 26 (6.1)
Mother’s employment
Employed 120 (14.8) 57 (13.4)
Unemployed 690 (85.2) 369 (86.6)
House ownership
Yes 790 (97.5) 417 (9.0)
No 20 (2.5) 251 (2.1)
Child’s sex
Male 390 (48.2) 230 (54.0)
Female 420 (51.9) 196 (46.0)
Table 2. Birth characteristics and PLF among mothers of






N = 810 N = 426
n (%) n (%)
Antenatal care visits
Four or more 591 (73.0) 299 (70.2)
0–3 219 (27.0) 127 (29.8)
Place of birth
Health facility 209 (25.8) 103 (24.2)
Home 601 (74.2) 323 (75.8)
Mode of child birth
Normal birth 793 (97.9) 414 (97.2)
Caesarean section 17 (2.1) 12 (2.8)
Type of birth
Single 789 (97.4) 416 (97.7)
Multiple 21 (2.6) 10 (2.4)
Birth order
Primipara 138 (17.0) 74 (17.4)
Multipara 672 (83.0) 352 (82.6)
Breastfeeding counselling
No 508 (62.7) 251 (58.9)
Yes 302 (37.3) 175 (41.1)
Breastfeeding support
No 641 (79.1) 344 (80.8)
Yes 169 (20.9) 82 (19.3)
Discarding of colostrum
No 496 (61.2) 239 (56.1)
Yes 314 (38.8) 187 (43.9)
Exposed to infant formula
advertisement
No 563 (69.5) 350 (82.2)
Yes 247 (30.5) 76 (17.8)
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Discussion
In this study, more than half (53%) the mothers
practised PLF. This finding is not surprising, since it
is consistent with studies in the East African region.
For example, a report from Eastern Uganda by
Engebretsen et.al [26], found that 57% of mothers
had given pre-lacteal feeds. Nevertheless, a lower
prevalence of PLF was reported from the
Kilimanjaro region in northern Tanzania (1%) [27],
and from northwest (26.8%) [28] and south Ethiopia
(25.5%) [7]. Whereas some low income countries
have extension community health workers who
move among the villages promoting recommended
maternal and newborn care practices [7], such pro-
grams are non-existent in South Sudan. The lack of
organized programs that specifically focus on promo-
tion of breastfeeding might explain the high preva-
lence of PLF in our study. A much higher prevalence
of PLF was reported in North West Nigeria (85%)
[29]. The differences in PLF rates might be partly
attributed to variations in study participants and cul-
tural beliefs associated with the practice.
The commonest pre-lacteal feeds in this study
were sugar solution (56%), plain water (26%) and
infant formula (14%). This agrees with previous stu-
dies in Egypt and Kenya [30,31] where similar pre-
lacteal feeds were used. Another study in northwest
Nigeria reported cows’ milk as the most preferred
pre-lacteal feed [29]. Participants in the current
study were largely peasant farmers with less access
to cows’ milk and were more likely to give sugar
solution, because sugar was readily available. In addi-
tion, the use of sugar solution and infant formula was
partly due to maternal misconception that the infant
might be hungry or hypoglycaemic, especially before
lactation is fully established. On the other hand,
mothers who gave plain water thought that the infant
might be thirsty because of the hot climate in South
Sudan.
Mothers who discarded colostrum were two
times more likely to practise PLF compared to
those who did not. Most probably, the mothers
who discarded colostrum were left with no alter-
native but to give pre-lacteal feeds. Studies from
Egypt, Ethiopia and Nepal have also reported that
discarding of colostrum was associated with PLF
[30,32–34]. A report from Raya Kobo district,
Ethiopia [35] found that untrained traditional
birth attendants and family members encouraged
mothers to discard colostrum and practise PLF
[35]. Our study did not qualitatively probe the
reasons for discarding colostrum and the role of
cultural beliefs on PLF.
We found mothers who received breastfeeding
counselling during antenatal care were less likely to
give pre-lacteal feeds compared to those who were
not counselled on breastfeeding. Similar findings
were reported from Ethiopia [36], Burkina Faso
and Uganda [37]. In addition, evidence from
Bangladesh and Tanzania revealed that breastfeed-
ing counselling increases maternal knowledge on
optimal infant feeding [38,39]. Mothers who are
knowledgeable on IYCF are more likely to follow
the WHO recommendations on practices such as
early initiation of breastfeeding, EBF and avoidance
of pre-lacteal feeds [40].
Maternal education was not associated with
PLF. This was not surprising since most mothers
we studied had no formal education. Mothers
with no formal education might have had limited



































Figure 1. Types of pre-lacteal feeds used among mothers of children aged less than two years surveyed in South Sudan.
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feeding especially through the media, and news-
papers. A high level of formal education was
reported to be protective against PLF in Eastern
Uganda [26].
The findings of this study may have a wide range
of implications regarding maternal and infant health,
practice and policy on early infant feeding in South
Sudan. The high rate of PLF may reduce suckling
and production of breastmilk leading to a decrease
in EBF [41]. In addition, discarding of colostrum
might deny the infant the health benefits leading
to an increase in infections and subsequent death.
Furthermore, PLF practice disrupts maternal infant
bonding which may affect maternal and infant
psychology. PLF may also lead to early discontinua-
tion of breastfeeding.
Strengths and limitations
This was a community-based survey that gave us a
glimpse of PLF practice in South Sudan. One limita-
tion of this study was that we interviewed mothers of
children aged 0–23 months, regarding infant feeding
in the first three days of birth. The responses are likely
to be influenced by recall bias, especially among the
older infants.We should have over sampled mothers
with children aged 0–6 months to shorten the recall
period and reduce on recall errors [42]. Secondly,
mothers in this study self-reported on PLF practices
Table 3. Bivariable and multivariable analysis of the use of PLF among mothers of children aged less than two years surveyed in
South Sudan.
Characteristic Bivariable Multivariable model 1 Multivariable model 2
N = 810 N = 810 N = 810
OR (95%CI) Adjusted odd ratio AOR (95%CI) Adjusted odd ratio AOR (95%CI)
Mother’s age
≤19 1.5 (0.79, 2.82) - -
20–24 1
25–29 1.2 (0.86, 1.76) -
30–34 1.1 (0.66, 1.75) - -
≥35 1.1 (0.60, 1.88) - -
Marital status
Married 1
Single 1.67 (0.46,6.03) - -
Mother education
No formal education 1 1 1
Primary 0.94 (0.62,1.42) 0.63 (0.33, 1.19) 0.60 (0.31,1.09)
≥Secondary 0.55 (0.31,0.97) 0.76 (0.24, 1.26) 0.66 (0.21,2.04)
Mother employment
Employed 1 1 1
Unemployed 0.79 (0.49,1.26) 0.84 (0.56, 1.26) 0.85 (0.57,1.28)
House ownership
Yes 1
No 0.73 (0.24,2.20) - -
Child sex
Male 1
Female 1.20 (0.89,1.61) - -
Antenatal care visits
Four or more 1
0–3 0.85 (0.65,1.13) - -
Place of birth
Health facility 1 1 1
Home 1.20 (0.81,1.77) 1.23 (0.84,1.81) 1.36 (0.92,2.01)
Mode of birth
Normal birth 1
Caesarean section 2.20 (0.87,5.58) - -
Type of birth
Single 1
Multiple 0.82 (0.27,2.48) - -
Birth order
Primipara 1
Multipara 0.95 (0.70,1.29) - -
Breastfeeding counselling
No 1 1 1






Yes 1.58 (1.11,2.26) 1.57 (1.17, 2.11) -
Exposure to infant formula advertisement
No 1
Yes 1.05 (0.72,1.51) - -
Multivariable model 1 including all the predefined variables.
Multivariable model 2 as in number 1 but excluding the discarding of colostrum.
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and this might have led to desirability bias; that is the
mothers may have reported the desired answer but not
the real practice. Lastly, this study used only a quanti-
tative method. A mixed-methods analysis of PLF prac-
tices could have given us in-depth understanding of
the factors underlying the practices.
Conclusion
The prevalence of PLF in South Sudan is high.
Predictors of PLF included lack of breastfeeding
counselling and discarding of colostrum. Infant feed-
ing counselling should be given to all pregnant
women in the health facilities and communities.
The counselling should emphasize the health benefits
of colostrum and discourage the practice of discard-
ing it.
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Abstract: South Sudan has a high maternal mortality ratio estimated at 800 deaths per 100,000
live births. Birth in health facilities with skilled attendants can lower this mortality. In this
cross-sectional study, we determined the level and determinants of health facility utilization and
skilled birth attendance in Jubek State, South Sudan. Mothers of children aged less than two years
were interviewed in their homes. Multivariable regression analysis was performed to determine
factors associated with health facility births. Only a quarter of the mothers had given birth at health
facilities, 209/810 (25.8%; 95% CI 18.2–35.3) and 207/810 had a skilled birth attendant (defined as either
nurse, midwife, clinical officer, or doctor). Factors positively associated with health facility births
were four or more antenatal visits (adjusted odds ratio (AOR) 19; 95% CI 6.2, 61), secondary or higher
education (AOR 7.9; 95% CI 3, 21), high socio-economic status (AOR 4.5; 95% CI 2.2, 9.4), and being
primipara (AOR 2.9; 95% CI 1.5, 5.4). These findings highlight the need for efforts to increase health
facility births in South Sudan.
Keywords: childbirth; health-facility-births; skilled birth attendant; reproductive health; South-Sudan
1. Introduction
The global maternal mortality ratio (MMR) has dropped by 44% in the last 25 years [1]. This decline
varies widely between low- and high-income countries. Low-income countries contribute 99% of the
maternal deaths in the world, and sub-Saharan Africa accounts for 66% of these deaths [1].
Often, maternal deaths are due to direct obstetric causes such as postpartum haemorrhage,
obstructed labour, sepsis, unsafe abortion, and hypertension [2]. These complications can be mitigated
by encouraging mothers to give birth at health facilities with the help of skilled birth attendants [3].
Mothers who give birth at health facilities are also less likely to die or lose their new-borns [4–6].
Reduction of mortality in health facility births is, largely, due to skilled health workers’ ability to
prevent, treat, or control fatal obstetric and neonatal complications.
South Sudan has one of the highest MMR and neonatal mortality rates (NMR) in the world.
The MMR was estimated to be 800 per 100,000 live births in 2015, while the NMR was about 39 per
1000 live births in the same year [7,8]. These figures are probably higher in rural areas and those
involved in the civil war [9]. The South Sudan Demographic Household survey in 2010 report showed
that only 12% of mothers used health facilities during childbirth with skilled birth attendants [10].
For South Sudan to meet the targets of the third Sustainable Development Goal (SDG) of reducing
the MMR to less than 70 per 100,000 live births, and the neonatal mortality rate to less than 12/1000
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live births [11] interventions that reduce both maternal and neonatal mortality and morbidity must
be implemented [12,13]. One such intervention is scaling up health facility births and skilled birth
attendance. To design interventions that promote health facility births in South Sudan, up to date
context-specific data are needed [14].
We report the level and determinants of health facility utilization and skilled birth attendance
during childbirth in Jubek State, South Sudan.
2. Subjects and Methods
2.1. Study Design
This was a cross-sectional study carried out among mothers of children aged 0–23 months.
2.1.1. Setting
This study was carried out from October 2016–December 2016 in four counties in Jubek State,
South Sudan. Jubek State has 12 Counties and one city council (Juba) with a population of about
500,000 [15]. Most of the inhabitants are ethnic Bari who speaks the Bari language. Farming is the
main economic activity. The survey was carried out in four rural counties of Lodu, Luri, Mangala,
and Rajaf [15].
2.1.2. Sampling
We used a two-stage sampling method, which is; basically, a modification of the World Health
Organization (WHO) expanded programme on immunization (EPI) method for estimating vaccination
coverage [16]. We listed all 43 villages and corresponding populations in the four counties and selected
30 out of 43 the villages by probability proportionate to size [16]. In each village, we selected an index
house randomly and proceeded to the nearest house. The next house was selected by picking the house
nearest to the index household; the one whose door was closest. From each household, we recruited
one mother-infant pair. This process was repeated until a total of 27 mother-infant pairs had been
interviewed from each of the 30 villages, giving us a total of 810 participants. The details of the
sampling procedure have been published in the Global Health Action Journal [17].
Eight trained research assistants conversant with the study area and fluent in Bari (the local
language) collected the data. The interviews were done in a private area in the mother’s home,
away from the other members of the family.
2.2. Study Participants
We included mothers of children aged 0–23 months; if a mother had two children born in the last
two years, only the youngest was selected. We excluded mother-infant pairs who were not residents in
the village, children with no mothers, and those whose mothers were not mentally sound to complete
the interview.
2.3. Variables
The outcome variables included: the place of birth and skilled birth attendance. Place of birth
categorized as a healthcare facility or other (home, on the way to a health facility, traditional birth
attendant’s house, etc.). Mothers were also asked about the person who assisted them during childbirth,
and this was categorized as skilled birth attendance if they reported a healthcare worker (defined
as either nurse, midwife, clinical officer, or doctor) or unskilled birth attendance. Other variables
included the mothers’ age categorised as ≤19, 20–24, 25–29, and ≥30 years; marital status classified
as single or married; mothers’ education categorized as no formal education, primary, ≥secondary;
antenatal care visits categorised as none, 1 to 3, ≥4; parity classified as 1 or >1 and socio-economic
status categorized as quintiles Q1 (poorest), Q2 (poor), Q3 (medium), Q4 (less poor) and Q5 (least
poor). The socioeconomic status was calculated using multiple correspondence analysis [18] base on:
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(a) ownership of assets such as car, phone, radio, television, fridge, cupboard, bicycle, motorcycle,
house, land, (b) fuel use for cooking, and (c) assessment of household dwelling characteristics like
material of the floor, roof, and house type.
2.4. Data Analysis
We present continuous variables as means and standard deviations; and categorical variables
as proportions. We used logistic regression to assess factors associated with health facility birth and
skilled birth attendance.
Factors associated with health facility births from the literature and those with a p-value ≤ 0.25,
and not strongly collinear with other independent variables were entered in the initial multivariate
logistic regression model. We assessed for collinearity and considered factors with a variance inflation
factor more than ten strongly collinear. In case of collinearity, the factor with a stronger measure of
association with the dependent variable was retained, and the other dropped from the model. We used
STATA version 14 (STATA Corp LLC, Texas, TX, USA) with survey set command adjusting for the
multistage sampling in the data analysis.
2.5. Ethics
We obtained ethical approval from the Directorate of Planning, Budgeting, and Research in the
Ministry of Health in South Sudan—reference number SMOH/E/JS/44.K.1. Official letters of permission
were presented to the county commissioners and village chiefs. Written informed consent was obtained
from the study participants after providing information about the purpose and procedures of the study.
We obtained a thumbprint from participants who were unable to write. Privacy and confidentially
measures were maintained throughout the study. No compensation was given to the study participants.
We addressed the participants’ questions regarding the survey accordingly.
3. Results
3.1. Socio-Demographic and Birth Characteristics
A total of 810 mothers were included in this survey, Table 1. The mean and standard deviation
(SD) of the age of mothers was 26.6 (5.5) years. Most of the mothers were married; over half had no
formal education. Only a quarter of the mothers gave birth at a health facility, 209/810 (25.8%; 95% CI
18.2–35.3). Of the 810 mothers, 204 had had a skilled birth attendant, and five did not. Another three
mothers who did not give birth at a health centre said they had a skilled birth attendant.
3.2. Factor Associated with Health Facility Birth and Skilled Birth Attendance at Birth
Factors linked to health facility births at bivariable level included mother’s age, mother’s education,
one or more antenatal care visits, high socio-economic status, and maternal parity greater than one,
Table 2.
Factors positively associated with health facility births in the multivariable analysis included,
mother’s education status, antenatal care visits, socio-economic status, and parity, Table 2.
Factors associated with skilled birth attendance in the multivariable analysis included mothers’
education status, antenatal care visits, and socio-economic status, Table 3.
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Table 1. Baseline characteristics of mothers in a community survey in Jubek State, South Sudan.
Characteristics
All Participants Health Facility Births
N = 810 N = 209 (25.8%)
n (%) n (%)
Age of the mother
≤19 89 (11.0) 35 (16.8)
20–24 195 (24.1) 67 (32.1)
25–29 279 (34.4) 59 (28.2)
30–34 173 (21.4) 40 (19.1)
≥35 74 (9.1) 8 (3.8)
Marital status
Single 17 (2.1) 6 (2.9)
Married 793 (97.9) 203 (97.1)
Mother’s education
None 516 (63.7) 63 (30.1)
Primary 228 (28.2) 96 (45.9)
≥Secondary 66 (8.2) 50 (23.9)
Mother’s employment
Unemployed 690 (85.2) 166 (79.4)
Employed 120 (14.8) 43 (20.6)
Antenatal care visits
None 165 (20.4) 4 (1.9)
1–3 444 (54.8) 98 (46.9)
≥4 201 (24.8) 107 (51.2)
Parity
1 138 (17.0) 61 (29.2)
>1 672 (83.0) 148 (70.8)
Socio-economic quintiles
Poorest (Q1) 286 (35.3) 28 (13.4)
Poor (Q2) 95 (11.7) 20 (9.6)
Medium (Q3) 114 (14.1) 17 (8.1)
Less poor (Q4) 154 (19.0) 51 (24.4)
Least Poor (Q5) 161 (19.9) 93 (44.4)
Table 2. Bivariate and multivariate logistic regression analysis of health facility birth in a community
survey in Jubek State, South Sudan
Characteristic
Bi-Variable Multivariable Model l
N = 810 N = 810
OR (95%CI) AOR (95%CI)
Mother’s age
≤19 1 1
20–24 0.8 (0.46, 1.4) 0.9 (0.44, 1.9)
25–29 0.4 (0.24, 0.7) 0.8 (0.31, 2.02)
30–34 0.5 (0.2, 1.1) 0.9 (0.32, 2.7)
≥35 0.2 (0.06, 0.6) 0.5 (0.14, 1.9)
Marital status
Married 1
Single 1.6 (0.46, 5.4) -
Mother’s education
No formal education 1 1
Primary 5.2 (3.2, 8.5) 3.1 (1.9, 5.2)
≥Secondary 22 (11, 46) 7.9 (3, 21)
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Table 2. Cont.
Characteristic
Bi-Variable Multivariable Model l
N = 810 N = 810
OR (95%CI) AOR (95%CI)
Mother’s employment
Unemployed 1 1
Employed 1.8 (0.94, 3.3) 1.2 (0.6, 2.4)
Antenatal care visits
None 1 1
1–3 11 (4.2, 31) 5.2 (1.7, 16)
≥4 46 (15, 140) 19 (6.2, 61)
Parity
1 2.9 (1.8, 4.5) 2.9 (1.5, 5.4)
>1 1 1
Socio-economic quintiles
Poorest (Q1) 1 1
Poor (Q2) 2.5 (1.2, 4.9) 1.7 (0.8, 3.6)
Medium (Q3) 1.6 (0.64, 4.1) 1.3 (0.5, 3.0)
Less poor (Q4) 4.6 (2.3, 9.3) 2.4 (1.1, 5.0)
Least poor (Q5) 12 (7.0, 24) 4.5 (2.2, 9.4)
Table 3. Bi-variable and multivariable logistic regression analysis of skilled birth attendance in
a community survey in Jubek State, South Sudan
Characteristic
Bi-Variable Multivariable Model 2
N = 810 N = 810
OR (95%CI) AOR (95%CI)
Mother’s age
≤19 1 1
20–24 0.93 (0.54, 1.60) 1.18 (0.55, 2.52)
25–29 0.44 (0.25, 0.75) 0.88 (0.37, 2.12)
30–34 0.51 (0.22, 1.18) 1.10 (0.40, 3.08)
≥35 0.21 (0.07, 0.61) 0.61 (0.17, 2.14)
Marital status
Single 1
Married 0.48 (0.18, 1.3) -
Mother education
No formal education 1 1
Primary 5.2 (3.1, 8.7) 3.1 (1.79, 5.37)
≥Secondary 22.9 (11.4, 45.9) 8.2 (3.18, 21.27)
Mother employment
Unemployed 1 1
Employed 1.6 (0.89, 3.1) 1.05 (0.53, 2.08)
Antenatal care visits
None 1 1
1–3 8.7 (3.5, 21.9) 3.93 (1.52, 10.15)
≥4 36.4 (11.9, 111.7) 15.17 (5.53, 41.58)
Parity
>1 1 1
1 2.7 (1.8, 4.3) 2.9 (1.65, 5.16)
Wealth Quintiles
Poorest (Q1) 1 1
Poor (Q2) 2.5 (1.3, 4.8) 0.61 (0.80, 3.54)
Medium (Q3) 1.6 (0.67, 3.9) 1.26 (0.55, 2.85)
Less poor (Q4) 4.3 (2.2, 8.3) 2.20 (1.123, 4.30)
Wealthiest (Q5) 12.6 (6.8, 23.2) 4.64 (2.38, 9.03)
Int. J. Environ. Res. Public Health 2019, 16, 2445 6 of 9
4. Discussion
This survey found low levels of utilization of health facilities and skilled birth attendance during
childbirth; only a quarter of mothers utilized health facilities or received skilled birth attendance
during childbirth.
The proportion of mothers who gave birth in a health facility was higher than that observed
in the nation-wide South Sudan Household Survey (SSHS) conducted in 2010, which showed that
only 12% of mothers gave birth in a health facility [10]. These proportions cannot be compared as
the geographical coverage was different. In fact, the study area surveyed is close to Juba. In the
rest of the country, health facility utilization is likely to be lower than what we observed. Therefore,
the proportion of mothers who give birth at health facilities is still alarmingly deficient. This could be
partly due to the insecurity [19] resulting from the on-going civil unrest in South Sudan, which has
hindered improvement in the necessary infrastructure. Instability also discourages mothers from
utilizing services, especially during the night [19–21]. Furthermore, socioeconomic consequences and
shocks of war lead to poor health service delivery and utilization [9,22,23]. Also, the low use of health
facilities for childbirth could be due to supply-side reasons such as poor quality of health care [24].
Low-quality health care is known to discourage women from using health facilities [21]. There could
also be socio-cultural factors such as fear of dignity violation [25] that discourage mothers from seeking
health care during childbirth.
The factors associated with giving birth at a health facility or receiving skilled birth attendance
during childbirth included: having attended more antenatal care (ANC) visits, mother’s education
status, higher socio-economic status, and being a first-time mother. These factors were comparable to
the results of a recent study on the risk factors for not using health facility at birth in South Sudan [26].
Antenatal care visit was associated with health facility births. Mothers who had attended at least
four ANC visits were 19 times more likely to deliver in health facilities, compared to others who did
not attend any antenatal care. This was similar to findings from Tanzania [27]. Women who attended
ANC several times could have gained knowledge and understanding of the advantages of a facility
birth. Further, women could also have become familiar with the health workers during the ANC visits
and were inspired to give birth in health facilities [28].
We also found that the higher the mothers’ education, the more likely she was to give birth in
a health facility. These mothers were more likely to engage in health seeking behaviours due to higher
knowledge levels, and indirectly through education’s influence on other factors such as income [29,30].
In our study, mothers of higher socioeconomic status were more likely to give birth at a health
facility or receive skilled assistance when giving birth. Women of lower economic status might have
had difficulties in finding transport or meeting indirect costs related to childbirth, and hence barred
from seeking institutional delivery [19].
A recent qualitative study by Wilunda and colleagues found political instability/ inter-communal
conflict, lack of health facility infrastructure, shortage of medical supplies, socio-cultural practices,
perception of childbirth, quality of obstetric care as potential factors influencing health facility-based
birth in South Sudan [19]. In sub-Sahara Africa, a body of evidence found several factors that directly
influenced health facility utilization during childbirth [31–33]. These factors include poor transport
infrastructure, lack of finance for transport, indirect cost of obstetric care, distant to health facility,
shortage of skilled health workers, suboptimal training of health workers, poor quality of obstetric
care characterised by long waiting time, weak referral system and poor staff interpersonal skills,
and attitude.
The findings in this study highlight the need to promote health facility births, antenatal care,
the general economic situation of the population, and girl child education. The government in South
Sudan could emulate evidence-based integrated multi-level practices that have worked in other settings
such as: introduction of policies and programmes that support health facility-based birth, training
of health workers, building more health facilities, improving referral systems, and addressing issues
related to affordability and financial risk associated with access to obstetric services [13,31]. Furthermore,
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the stakeholders should pay close attention to traditional, socio-cultural and socio-economic factors
that are critical in delayed decision making in seeking obstetric services, and address women’s concerns
regarding supportive attendance during birth [34].
One strength of this study is that we conducted a community-based survey, in a period of
insecurity, where most studies on the subject are either hospital-based or qualitative. To the best of our
knowledge, this study provides the first community-based estimate of health facility births in South
Sudan since 2010. These data can be used to generate better estimates of health facility births and
skilled childbirth in rural South Sudan. However, we did not ask for a history of pregnancy, measure
some factors such as distance to the health facility, and complications during previous childbirth,
which are essential determinants of place of birth. Lastly, this study was conducted in one state and is
unlikely to be generalizable to the whole country.
5. Conclusions
We found that only a quarter of the women gave birth in a health facility in an area close to the
capital Juba in South Sudan. Other areas of the country are likely to have even lower attendance.
Factors positively associated with health facility births were antenatal care visits, secondary or higher
maternal education, high socio-economic status, and primiparity. These findings highlight the need
for efforts to increase health facility births and skilled attendance in South Sudan. There is also
an urgent need to conduct a broader community-based mixed methods study to provide an in-depth
understanding of barriers and facilitators of health facility utilization during childbirth in South Sudan.
Author Contributions: J.B.T., D.M., J.K.T., T.T., G.N. conceived, designed, and supervised the study, analysed the
data, and wrote the first draft of the manuscript. J.K.T., D.M., T.T., G.N., M.B.S. participated in the interpretation
of results and critically reviewed the manuscript. All authors have read and approved the final version of
the manuscript.
Funding: This study was funded by Norad and the Norwegian program for capacity building in higher education
and research for development (NORHED) through the Survival PLUSS project (No UGA-13-0030) at Makerere
University and University of Bergen.
Acknowledgments: We are indebted to Norad for their Norwegian program for capacity building in higher
education and research for development (NORHED) and the Survival PLUSS project (No UGA-13-0030) for
funding this study. We acknowledge the research assistants and study participants for their contribution.
Conflicts of Interest: The authors declare no conflicts of interests.
References
1. Trends in Maternal Mortality. 1990 to 2015: Estimates by WHO, UNICEF, UNFPA, World Bank Group and
the United Nations Population Division. ISBN 978 92 4 1565141. Available online: https://openknowledge.
worldbank.org/bitstream/handle/10986/23550/report.pdf;sequence=1 (accessed on 5 July 2019).
2. Ronsmans, C.; Graham, W.J. Maternal mortality: Who, when, where, and why. Lancet 2006, 368, 1189–1200.
[CrossRef]
3. Kohi, T.W.; Mselle, L.T.; Dol, J.; Aston, M. When, where and who? Accessing health facility delivery care
from the perspective of women and men in Tanzania: A qualitative study. BMC Health Serv. Res. 2018, 18,
564. [CrossRef]
4. Kinney, M.V.; Kerber, K.J.; Black, R.E.; Cohen, B.; Nkrumah, F.; Coovadia, H.; Nampala, P.M.; Lawn, J.E.;
Axelson, H.; Bergh, A.M.; et al. Sub-Saharan Africa’s mothers, newborns, and children: Where and why do
they die? PLoS Med. 2010, 7, e1000294. [CrossRef] [PubMed]
5. Kibria, G.M.A.; Burrowes, V.; Choudhury, A.; Sharmeen, A.; Ghosh, S.; Mahmud, A.; Kc, A. Determinants of
early neonatal mortality in Afghanistan: An analysis of the Demographic and Health Survey 2015. Glob.
Health 2018, 14, 47. [CrossRef] [PubMed]
6. Lawn, J.E.; Blencowe, H.; Oza, S.; You, D.; Lee, A.C.; Waiswa, P.; Lalli, M.; Bhutta, Z.; Barros, A.J.; Christian, P.;
et al. Every Newborn: Progress, priorities, and potential beyond survival. Lancet 2014, 384, 189–205.
[CrossRef]
Int. J. Environ. Res. Public Health 2019, 16, 2445 8 of 9
7. Sami, S.; Kerber, K.; Kenyi, S.; Amsalu, R.; Tomczyk, B.; Jackson, D.; Dimiti, A.; Scudder, E.; Meyers, J.;
Umurungi, J.P.C.; et al. State of newborn care in South Sudan’s displacement camps: A descriptive study of
facility-based deliveries. Reprod. Health 2017, 14, 161. [CrossRef] [PubMed]
8. Alkema, L.; Chou, D.; Hogan, D.; Zhang, S.; Moller, A.B.; Gemmill, A.; Fat, D.M.; Boerma, T.; Temmerman, M.;
Mathers, C.; et al. Global, regional, and national levels and trends in maternal mortality between 1990
and 2015, with scenario-based projections to 2030: A systematic analysis by the UN Maternal Mortality
Estimation Inter-Agency Group. Lancet 2016, 387, 462–474. [CrossRef]
9. Salama, P.; Spiegel, P.; Talley, L.; Waldman, R. Lessons learned from complex emergencies over past decade.
Lancet 2004, 364, 1801–1813. [CrossRef]




usg=AOvVaw0RS2TYlvkSGkfxFXCOvxft (accessed on 5 July 2019).
11. Sustainable Development Goals. Available online: http://www.un.org/sustainabledevelopment/summit/
(accessed on 5 July 2019).
12. De Bernis, L.; Kinney, M.V.; Stones, W.; Ten Hoope-Bender, P.; Vivio, D.; Leisher, S.H.; Bhutta, Z.A.;
Gulmezoglu, M.; Mathai, M.; Belizan, J.M.; et al. Stillbirths: Ending preventable deaths by 2030. Lancet 2016,
387, 703–716. [CrossRef]
13. Campbell, O.M.; Calvert, C.; Testa, A.; Strehlow, M.; Benova, L.; Keyes, E.; Donnay, F.; Macleod, D.;
Gabrysch, S.; Rong, L.; et al. The scale, scope, coverage, and capability of childbirth care. Lancet 2016, 388,
2193–2208. [CrossRef]
14. Koblinsky, M.; Moyer, C.A.; Calvert, C.; Campbell, J.; Campbell, O.M.; Feigl, A.B.; Graham, W.J.; Hatt, L.;
Hodgins, S.; Matthews, Z.; et al. Quality maternity care for every woman, everywhere: A call to action.
Lancet 2016, 388, 5–11. [CrossRef]
15. Jubek State. Available online: https://en.wikipedia.org/wiki/Jubek_State (accessed on 5 July 2019).
16. A Simplified General Method for Cluster-Sample Surveys of Health in Developing Countries. Available
online: http://www.who.int/iris/handle/10665/47585 (accessed on 5 July 2019).
17. Tongun, J.B.; Sebit, M.B.; Ndeezi, G.; Mukunya, D.; Tylleskar, T.; Tumwine, J.K. Prevalence and determinants
of pre-lacteal feeding in South Sudan: A community-based survey. Glob. Health Action 2018, 11, 1523304.
[CrossRef] [PubMed]
18. Howe, L.D.; Hargreaves, J.R.; Huttly, S.R. Issues in the construction of wealth indices for the measurement of
socio-economic position in low-income countries. Emerg. Themes Epidemiol. 2008, 5. [CrossRef] [PubMed]
19. Wilunda, C.; Scanagatta, C.; Putoto, G.; Takahashi, R.; Montalbetti, F.; Segafredo, G.; Betran, A.P. Barriers to
institutional childbirth in Rumbek North County, South Sudan: A qualitative study. PLoS ONE 2016, 11,
e0168083. [CrossRef] [PubMed]
20. Mugo, N.S.; Dibley, M.J.; Damundu, E.Y.; Alam, A. Barriers faced by the health workers to deliver maternal
care services and their perceptions of the factors preventing their clients from receiving the services:
A qualitative study in South Sudan. Matern. Child Health J. 2018, 22, 1598–1606. [CrossRef] [PubMed]
21. Mugo, N.S.; Dibley, M.J.; Damundu, E.Y.; Alam, A. “The system here isn’t on patients’ side”—Perspectives
of women and men on the barriers to accessing and utilizing maternal healthcare services in South Sudan.
BMC Health Serv. Res. 2018, 18, 10. [CrossRef]
22. Casey, S.E.; Chynoweth, S.K.; Cornier, N.; Gallagher, M.C.; Wheeler, E.E. Progress and gaps in reproductive
health services in three humanitarian settings: Mixed-methods case studies. Conflict Health 2015, 9, S3.
[CrossRef] [PubMed]
23. Kruk, M.E.; Kujawski, S.; Moyer, C.A.; Adanu, R.M.; Afsana, K.; Cohen, J.; Glassman, A.; Labrique, A.;
Reddy, K.S.; Yamey, G. Next generation maternal health: External shocks and health-system innovations.
Lancet 2016, 388, 2296–2306. [CrossRef]
24. Berendes, S.; Lako, R.L.; Whitson, D.; Gould, S.; Valadez, J.J. Assessing the quality of care in a new nation:
South Sudan’s first national health facility assessment. Trop. Med. Int. Health 2014, 19, 1237–1248. [CrossRef]
25. Kane, S.; Rial, M.; Kok, M.; Matere, A.; Dieleman, M.; Broerse, J.E.W. Too afraid to go: Fears of dignity
violations as reasons for non-use of maternal health services in South Sudan. Reprod. Health 2018, 15, 51.
[CrossRef]
Int. J. Environ. Res. Public Health 2019, 16, 2445 9 of 9
26. Mugo, N.S.; Agho, K.E.; Dibley, M.J. Risk factors for non-use of skilled birth attendants: Analysis of South
Sudan household survey, 2010. Matern. Child Health J. 2016, 20, 1266–1279. [CrossRef] [PubMed]
27. Bishanga, D.R.; Drake, M.; Kim, Y.M.; Mwanamsangu, A.H.; Makuwani, A.M.; Zoungrana, J.; Lemwayi, R.;
Rijken, M.J.; Stekelenburg, J. Factors associated with institutional delivery: Findings from a cross-sectional
study in Mara and Kagera regions in Tanzania. PLoS ONE 2018, 13, e0209672. [CrossRef] [PubMed]
28. Jennings, L.; Yebadokpo, A.S.; Affo, J.; Agbogbe, M. Antenatal counseling in maternal and newborn care:
Use of job aids to improve health worker performance and maternal understanding in Benin. BMC Pregnancy
Childbirth 2010, 10. [CrossRef] [PubMed]
29. Margolis, R. Educational differences in healthy behavior changes and adherence among middle-aged
Americans. J. Health Soc. Behav. 2013, 54, 353–368. [CrossRef] [PubMed]
30. Cutler, D.M.; Lleras-Muney, A. Understanding differences in health behaviors by education. J. Health Econ.
2010, 29, 1–28. [CrossRef] [PubMed]
31. Geleto, A.; Chojenta, C.; Musa, A.; Loxton, D. Barriers to access and utilization of emergency obstetric care at
health facilities in sub-Saharan Africa: A systematic review of literature. Syst. Rev. 2018, 7, 183. [CrossRef]
32. Kyei-Nimakoh, M.; Carolan-Olah, M.; McCann, T.V. Barriers to obstetric care at health facilities in sub-Saharan
Africa—A systematic review protocol. Syst. Rev. 2015, 4. [CrossRef] [PubMed]
33. Kyei-Nimakoh, M.; Carolan-Olah, M.; McCann, T.V. Access barriers to obstetric care at health facilities in
sub-Saharan Africa—A systematic review. Syst. Rev. 2017, 6, 110. [CrossRef]
34. Bohren, M.A.; Hunter, E.C.; Munthe-Kaas, H.M.; Souza, J.P.; Vogel, J.P.; Gulmezoglu, A.M. Facilitators and
barriers to facility-based delivery in low- and middle-income countries: A qualitative evidence synthesis.
Reprod. Health 2014, 11, 71. [CrossRef]
© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).
Graphic design: Com
m
unication Division, UiB  /  Print: Skipnes Kom
m
unikasjon AS
uib.no
ISBN: 9788230840795 (print)
9788230851838 (PDF)
